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Introduction 
INTRODUCTION  
Between 5th and 8th September 2018 the tenth edition of the INPUT conference took place in Viterbo, 
guests of the beautiful setting of the University of Tuscia and its DAFNE Department. 
INPUT is managed by an informal group of Italian academic researchers working in many fields related to 
the exploitation of informatics in planning.  
This Tenth Edition pursed multiple objectives with a holistic, boundary-less character, to face the complexity 
of today socio-ecological systems following a systemic approach aimed to problem solving. In particular, the 
Conference will aim to present the state of art of modeling approaches employed in urban and territorial 
planning in national and international contexts.  
Moreover, the conference has hosted a Geodesign workshop, by Carl Steinitz (Harvard Graduate School of 
Design) and Hrishi Ballal (on skype), Tess Canfield, Michele Campagna. 
Finally, on the last day of the conference, took place the QGIS hackfest, in which over 20 free software 
developers from all over Italy discussed the latest news and updates from the QGIS network. 
The acronym INPUT was born as INformatics for Urban and Regional Planning. In the transition to graphics, 
unintentionally, the first term was transformed into “Innovation”, with a fine example of serendipity, in 
which a small mistake turns into something new and intriguing. The opportunity is taken to propose to the 
organizers and the scientific committee of the next appointment to formalize this change of the acronym. 
This 10th edition was focused on Environmental and Territorial Modeling for planning and design. It has 
been considered a fundamental theme, especially in relation to the issue of environmental sustainability, 
which requires a rigorous and in-depth analysis of processes, a theme which can be satisfied by the 
territorial information systems and, above all, by modeling simulation of processes. 
In this topic, models are useful with the managerial approach, to highlight the many aspects of complex city 
and landscape systems. In consequence, their use must be deeply critical, not for rigid forecasts, but as an 
aid to the management decisions of complex systems. 
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ABSTRACT
In the present paper an integrated evaluation procedure is considered, with the aim of evaluating 
the ecological and economic synergies within an environmental system. The case study chosen 
to test this procedure is the Monferrato Ovadese in the province of Alessandria (Piedmont, 
Italy). The territory, which includes almost 40 municipalities, was divided into a system of 11 
clusters, that were treated as interactive poles of the territory itself.
This integrated procedure uses a system of ecological and economic indicators. For landscape 
ecology, the indicators were introduced as coefﬁcients, which predict the transformation 
scenarios of the environmental system under observation. For the economics, indicators were 
integrated through a Multicriteria Analysis in order to deﬁne a super-indicator, which may be 
interpreted as a measure of attractiveness of the poles inside the environmental system. The 
attractiveness was subsequently set as the critical parameter of a dynamical system represented 
by the mathematical model of a Lotka Volterra type, which simulated people ﬂows within the 
territory. This study demonstrates how this novel evaluation procedure can be used to support 
the decision-making process in the choice of sustainable territorial and urban actions.
KEYWORDS
Indicators and indexes; Mathematical modelling; Multicriteria Analysis; Integrated Evaluation 
Model
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1 INTRODUCTION 
The preservation and enhancement of the whole environmental system represent one of the main 
challenges of the Anthropocene (Crutzen, 2005). 
Assessing the resilience of environmental systems is currently considered to be a field with high margins of 
development and improvement at all scales (Cutter, 2016). There is an urgent need to shape territorial 
transformation scenarios and support the governance in preserving environmental systems. 
The development of evaluation methodologies could provide useful support for the planning, and in this 
context, the integration of them in multidisciplinary and interdisciplinary terms may carry useful insights 
(Cutter, 2016; Pearce & Turner, 1990; Sharifi, 2016). 
The present paper will assess the resilience through an integrated evaluation model, which considers a 
system of indicators and indexes to measure the resilience capability in ecological and economic terms and 
employs a mathematical model to investigate people dynamics over time. This evaluation model has been 
employed in a real case study in Piedmont region (Italy): the Monferrato Ovadese. 
The paper is structured as follows: section 2 focuses on the methodology; section 3 proposes a description 
of the case study; section 4 describes the results obtained by the system of ecological and economic 
indicators and by the application of a mathematical model of a Lotka-Volterra type; section 5 concludes with 
some remarks and future perspectives. 
2 METHODOLOGY 
This paper proposes an integrated evaluation methodology, which considers a system of indicators and 
indexes to assess the resilience of the municipalities of the Monferrato Ovadese in ecological and economic 
terms as well as a mathematical model, employed to investigate the people dynamics over time and shape 
resilient scenarios. More specifically, we consider a system of indicators which can be divided into two sub-
systems, namely the ecological indicators and the economic indicators. 
2.1 THE SYSTEM OF INDICATORS 
Ecological indicators 
Generally, complex systems are interesting because they show a non-linear dynamics which affect the 
ecological stability of territories at macro and micro scales (Folke, 2010; Gunderson & Holling, 2002; Holling, 
1973). Additionally, this dynamics can be also influenced by the impact of human activities. For these 
reasons, the sub-system of ecological indicators considers specific variables deduced by GIS data and 
evaluated for all municipalities of the considered area (Tab. 1). 
Economic indicators 
The sub-system of economic indicators is useful to assess the economic value of the Monferrato Ovadese. 
The economic indicators are organized according to the “value tree” approach proposed in the Multicriteria 
Decision Analysis (MCDA), which is generally employed to solve complex problems (Saaty, 1980). This is an 
appropriate technique for the assessment of environmental systems (Assumma et al., 2016; Assumma et al., 
2017, 2019; Brunetta et al., 2017, 2018; Tagliafierro et al., 2013). The economic indicators and indexes are 
described in Tab. 2. It has to be noticed that the economic indicators have been assessed for all 
Municipalities in the area under investigation. 
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Ecological Indicators Unit Formulas 
vi Extent of green areas of high ecological 
quality 
% Vi=∑Av with BTC > 2,4/ Atot 
where 
Av=green areas with BTC > 2,4 
Atot= total area of the system 
mi Biological energy Mcal/(m2∙year) mi=∑mij=1Bji∙sji 
where 
Bij= BTC index of biotope j ∈ sector 
i 
sji=surface of biotope j ∈ sector i 
hi Dispersion of urban areas % hi=∑Pe/Ptot 
where 
Ptot= Total perimeter of the system 
Pe= Perimeter of urbanized areas 
Ui Intensity of urban areas % Ui=1 - Ae/Atot ≤1 
where 
Ae= area of urbanized areas 
Atot= total area of the system 
Ci Connectivity index % ci=∑k∈Ii (Bi+Bk)/(Bimax+Bkmax)∙ Hik≤1 
c=1/n∑ni=1ci 
where 
Bi and Bk= BTC of I and k 
ecological sectors 
Bimax and Bkmax=maximum BTC of i 
and k ecological sectors 
Hik= total length of the barrier 
between sectors i and k with a 
permeability index ≤1 
ri Intensity of impermeable barriers % ri=∑Aip/Atot 
where 
Aip= area of impermeable barriers 
Atot= total area of the system 
ki Dispersion of impermeable barriers % ki=∑Pip/Ptot 
Tab. 1 The system of ecological indicators defined from GIS data 
 
2.2 EVALUATION OF THE INTEGRATED INDEX 
The ecological and economic indicators have been aggregated in two specific indexes that represent the 
ecological and economic values of the system under investigation. The ecological index is calculated as the 
arithmetic mean of the values of the related indicators, whereas the economic index comes from a weighted 
average of the related indicators, according to the weights defined with a multidisciplinary panel of experts 
based on the AHP (Saaty, 1980). The last step of evaluation consists in the calculation of an integrated 
ecological-economic index, say Ai, that is the average between the ecological and economic indexes 
previously calculated. Such index aggregates the ecological and economic values of the system, and thus 
this step provides an overall vision of the considered territory. 
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Component  Economic Indicators Unit Economic Indexes 
Agriculture DOP Farms no. Adop= DOP Farms [C]/Tot. Farms [S] 
BIO Farms no. Abio= BIO Farms [C]/Tot. Farms [S] 
Workers in DOP Farms no. Wdop=Workers in DOP Farms [C]/ Tot. 
Workers in Farms [S] 
Workers in BIO Farms no. Wbio= Workers in BIO Farms [C]/Tot. 
Workers in Farms [S] 
Utilized Agricultural Surface ha UAS= UAS [C]/ Area [S] 
Tourism Arrives no. TUR= arrives [C]/presences [C] 
Presences no. 
Total beds no. PT= Total beds [C]/ Total beds [S] 
Beds in agritourism no. PL= Beds in farmhouses [C]/ Total 
beds [S] 
Real Estate Real estate value of building residences €/m2 VIR= Average real estate value [C]/ 
Average real estate value [N] 
Average Agricultural Value €/ha VAM= Average agriculture value [C]/ 
Average agriculture value [N] 
Forestry Forestry farms no. Afor= Forestry farms [C]/ Area [S] 
Forestry surface ha Sfor= Forestry surface [C]/ Area [S] 
Forestry workers no. Wfor=Workers in forestry farms [C]/ 
Workers in forestry farms [S] 
Notes: C= cluster, S= System, N=Nation 
Tab. 2 The system of economic indicators employed to assess the resilience capability of the case study 
 (Source: Assumma et al., 2016, 2019; Bottero, 2011; Brunetta et al., 2018) 
3 CASE STUDY: DESCRIPTION OF THE TERRITORY 
The Monferrato Ovadese is a multi-pole territorial system of Piedmont, which extends for 60.000 hectares 
between the province of Alessandria and the region of Liguria. The lands of the Monferrato Ovadese are 
defined as “middle lands” because the historical settlements developed according to the geomorphological 
characteristics and the territorial vocation to cross the Appennines for commercial purposes.  
Moreover, the Monferrato Ovadese touches the Unesco site “Vineyard landscapes of Piedmont, Langhe, 
Roero and Monferrato" (2014) by Strevi, and this represents an opportunity of growth and development, 
especially due to the influence of both Piedmontese and Ligurian history, culture and traditions (Assumma et 
al., 2017). In detail, the territory under examination is constituted by 37 municipalities that have been 
structured in 11 homogeneous territorial clusters described as follows, 
 
CL1 (Novi Ligure)  CL2 (Arquata Scrivia)  CL3 (Pasturana)   CL4 (Basaluzzo) 
CL5 (Silvano dOrba)  CL6 (Lerma)   CL7 (Ovada)   CL8 (Predosa) 
CL9 (Rocca Grimalda)  CL10 (Cremolino)   CL11 (Strevi) 
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4 RESULTS 
4.1 CALCULATION OF THE OVERALL ATTRACTIVENESS 
Following the methodology described in section 2, a spatial visualization of results is illustrated in Figg. 3a, 
3b and 3c. The Clusters 1 and 2 record high economic values because there are many industrial activities. 
The Cluster 11 also shows very high economic and ecological values, due probably to the proximity to the 
Unesco site. By contrast, the Clusters 3, 4, 7 and 10 show average values. Specifically, the Clusters of Novi 
Ligure (CL1) and Arquata Scrivia (CL2) record very high economic values, due to the presence of one of the 
biggest fashion outlets in Europe and many other commercial poles, which promotes a continuous flow of 
people. Therefore, such Clusters record medium to poor ecological quality, because of the commercial 
vocation of these territories. The Cluster of Lerma (CL6) records a poor economic value, because its 
activities are focused on a seasonal tourism and the economy is based on the local cultivation of different 
products, including production of wine. Moreover, the Cluster 6 records a very high ecological quality 
because it includes protected areas of the Piedmontese Appennine.The Cluster of Strevi (CL11) records both 
a very high ecological quality and a high economic value, mainly due to the fact that Strevi represents the 
“natural” door of the Unesco site. This also determines positive effects in ecological and economic terms for 
Clusters 8, 9 and 10. The economic and ecological indexes have been aggregated in a final spatial index, the 
Total Attractiveness as illustrated in Fig. 3c. The index of Total Attractiveness represents a positive frame of 
the Monferrato Ovadese, with good and very high values. The only exception is recorded by the Cluster 5, 
which maintains anyway a medium value of Total Attractiveness. 
 
 a b 
 
c 
 
Fig. 3 Spatial results of economic values (a), ecological values (b) and total attractiveness (c) (Own elaboration, 2018) 
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4.2 THE MATHEMATICAL MODEL 
In this paper, the integrated indicators have been introduced as coefficients of a system of ordinary 
differential equations of a Lotka-Volterra type proposed by Monaco & Rabino (1984) and then revisited in 
recent contributions (Assumma et al., 2016; Monaco & Servente, 2006; Monaco, 2015;). This mathematical 
model is used in the simulation of population dynamics, in connection with the attractiveness factor. In 
addition, the model predictions are used in the interpretation of the population dynamics in terms of 
resilience factor. The first term of equation (3) takes into account the attractiveness Ai for people present in 
the pole i through a logistic expression (Murray, 2002), while the second term takes into account the 
attractiveness of pole i on people present in others poles  j. The mathematical model used here takes the 
form: 
P’i=AiPi(t)(1-Pi(t)/Si)+∑nj≠i Ai/Aj[1- (dij/dM)Pj(t) i=1, 2,..., n                 (3)
 where 
P’i= time derivative of Pi 
Pi= population present in the pole i 
Ai and Aj= attractiveness index of poles i and j 
dij= distance between the poles i and j 
dM= maximum distance recorded between poles 
Si= threshold of maximum number of people in the pole i 
 
We use the model presented in this section to study the population dynamics on Piedmont, a region in 
northern Italy that shares different structuring and qualifying landscape components. 
Fig. 4 shows the time evolution of all populations in the time interval [0; 0,05] (the time is measured in 
arbitrary scale). 
 
Fig. 4 Time evolution of all populations in the interval (0; 0.05). Own elaboration, 2018 
 
Thanks to the ecological and economic attractiveness, the mathematical model can predict the potential 
variation of populations present in the considered multi-pole territorial system. The results obtained are 
illustrated in Fig. 4. 
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5 CONCLUSIONS 
The integrated evaluation methodology presented in this paper provides useful insights to assess the 
resilience of the Monferrato Ovadese in ecological and economic terms. This innovative tool can support the 
decision-making process to shape future resilient scenarios also to answer the domain of prevention and 
mitigation of natural disasters and human activities. As a future perspective, a sensitivity analysis can be 
useful increase the robustness of the set of weights considered. 
With regard to the mathematical model, further studies would be useful, in particular if collecting a wider set 
of data to make simulations in the past with the purpose to improve the adequacy of the mathematical 
model. Another future perspective could be the use of this integrated evaluation methodology in a real land 
use intervention with the purpose of planning scenarios of decision-making utility. 
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ABSTRACT
Spatial environments have been largely studied over time, under different perspectives. Under 
a cognitivist perspective, they represent knowledge-intensive, meaningful spaces and entities 
that human agents relate to and adapt during their existence. 
The comprehension/identiﬁ cation of space fundamentals by human agents can be of great 
interest in strategic planning, in that they may represent structures, pillars, invariant, resilient 
characters of the environment, on which to build/plan the layout and development of regions 
and towns.
The role of spatial cognition is often expressed through tacit or implicit aspects, made of 
perceptions, emotions, sensations relating to space, difﬁ cult to identify but characterizing 
the environment explored in a fundamental way. As a matter of facts, these are fundamental 
elements towards effective planning strategies and environmental decisions.
In particular, this work investigates these aspects of spatial knowledge in agents moving in 
spaces with reduced - in particular extremely reduced – population. In fact, these are apparently 
unstructured contexts with respect to settlement areas, where aspects concerning sensations 
can represent essential spatial variables in terms of structuring and interpreting spaces.
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Spatial Cognition; Open Space; Spatial Variables; Environmental Planning
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1 INTRODUCTION1 
Spatial environments have been largely studied over time, under different perspectives. Under a cognitivist 
perspective, they represent knowledge-intensive, meaningful spaces and entities that human agents relate to 
and adapt during their existence (Proulx et al., 2016). They are intrinsically based on dynamic complexity, 
therefore trying to understand the typical spatial behaviours of a human agent is often hard task, inducing 
planning as well as managing problems in many domains (Denis & Loomis, 2007). For example, they are 
typically intricate tasks when trying to simulate spatial behaviours within AI or robotic building layouts. 
Therefore, in the quest for understanding the complexity of space environments, it is important to search for 
the possible ‘fundamental’ features of such spatial complexity from the standpoint of agents who have act and 
relate to the space. 
The effort of searching for fundamental spatial features is not an easy task, though. In fact, there is a potential 
naivety in speaking about space ‘fundamentals’ as opposed to space ancillary, ornamental qualities (Goodman, 
1951). Particularly experimental literature often shows that not always there is clear distinction between 
substance and ornament, content and form in spatial analysis (Borri & Camarda, 2013). 
Understanding the way in which human agents think and operate in given spaces – i.e., space ontology, from 
a perceptual point of view – is commonly essential for AI robotics. In turn, because of the well known circularity 
between AI and cognitive science, the development of AI robotics devices help in understanding spatial human 
behaviours for decisionmaking. Therefore, the comprehension/identification of space fundamentals by human 
agents can be of great interest in strategic planning, in that they may represent structures, pillars, invariant, 
resilient characters of the environment, on which to build/plan the layout and development of regions and 
towns. 
The research on the spatial knowledge forms of living agents in both micro-scale (buildings or their aggregates) 
and meso-scale spaces (cities as sets of built spaces and open spaces) is today in progressive development, 
in environments of automatic computation of psychology or engineering (Borri & Camarda, 2010, 2013). It 
offers ideas to engage with, for example in problems of orientation and navigation, as well as ontological 
intelligence. 
In particular, the macro-scale concerns spaces that are still predominantly configured in a pre-anthropic way 
as are deserts, mountains, forests, oceans, and in perspective also spaces outside the planet. Research on 
forms of spatial knowledge at the macro-scale is still limited (Dolins & Mitchell, 2010; Proulx et al., 2016). 
The present work investigates on such aspects of spatial knowledge in agents moving in spaces with reduced 
- in particular extremely reduced – population. In fact, they are spaces that are apparently unstructured, as 
compared to community settlements, where aspects of sensations can constitute spatial variables that are 
essential in terms of structuring and interpretation of spaces. 
The way in which we find the progressive identification and enrichment of information during navigation in 
this type of space is analyzed here. In particular, we are interested in the essential information for orientation 
in navigation and for the identification of the resources necessary to guarantee operative systems of 
relationship between agents and between agents and spaces. 


1 Authors developed the present study together, as a common research work. In this framework, G. Mastrodonato wrote 
chapter 2, D. Camarda wrote the remaining chapters. 
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Within the above research framework, the paper is then organized as follows. After the present introduction, 
a digression on the research background on spatial cognition issues is carried out in chapter two. The third 
chapter briefly deals with the main characters of the research project where the present study is structured. 
Chapter four shows the experimental case study carried out here, with essential, describing methodology and 
discussing the results of the developed analysis. Brief concluding remarks are reported in the end, dealing 
with achievements, suggestions and possible follow-ups. 
2 SPATIAL COGNITION RESEARCH BACKGROUND 
When dealing with cybernetic and artificial intelligence studies, we find large reasoning about spatial cognition 
features, as they are important for operational planning.  Rather interestingly, they put town a basic distinction 
between structured and unstructured spaces. Fundamentally, it parallels a similar distinction between spaces 
geometrically simple (elementary profiles, few unexpected events, few secondary items, few decisions 
required) and spaces geometrically complex (composite profiles, recurrent unexpected events, many 
secondary items and many decisions required) (Danziger & Rafal, 2009; Georgiev & Allen, 2004; Kelly & 
Bischof, 2008). It is easy to understand that a robot develops movements and learns surrounding spaces more 
straightforwardly in simple geometries, so determining more identifiable cognitive situations. This seems rather 
clear, although robot agents can typify great part of reality and are able to move also in unstructured world -
like human agents. 
A different situation occurs in human agents. A reasonably recognizable space is for us geometrically simple, 
empty, maybe unidirectional space. This is represented, for example, by an interior corridor, long and empty, 
with a series of doors, windows, skylights. It consists of a point of origin and an end point, with no lateral 
intersections. This space could be assimilated to the arc of a graph, it is certainly simple and can be walked 
by the human agent with little attention. On the other hand, the human agent considers complex a very 
crowded space, with a multi-dimensional geometry that is difficult to recognize. This is, for example, an open 
space, like a rural area or a city fair, with an unclear form, origin, endpoint, thus demanding specific attention. 
A human walks casually through it, with the frequent risk of colliding with the imprecise trajectories of people, 
or getting lost, or losing her / his friend or child who still does not know how to move in a complex space. 
Such complex spaces may suggest human agents a preliminary action of memorization of characteristic 
landmarks with the aim of replace an incomprehensible "structure" or "geometry" (de Hevia & Spelke, 2009; 
Gero & Tversky, 1999; Hirtle, 2003). Philosopher John Goodman (Goodman, 1951) argued on a distinction 
between ‘structure’ and ‘ornament’, in human perceptions of complex spaces. The representation space is 
increasingly considered as a multiform issue, complex and intrinsically non-reducible. It also changes with 
time, but with features that are not always so obvious as traditionally expected (Day & Bartels, 2008; Pouget 
et al., 2002). Such situation is even more complex, if possible, when dealing with the potentials and problems 
of orientation and spatial knowledge in endogenous and exogenous agents in spaces with reduced - in 
particular extremely reduced - population. It is a matter of identifying and experimentally analyzing variables 
and systems of latent variables in spaces with reduced (or non-existent) information content on the anthropic 
levels of spatial structuring. It is a question of laying the foundations - also through experimentation on human 
agents - of the modelling of functional (operational) cognitive systems that are suitable for these spaces. In 
general, these are cognitively poorly structured spaces. However, we assume the research hypothesis that a 
good cognitive structuring of such large spaces of nature, hostile to itself to the intensive population, is possible 
when the essential (ontological) latent variables are identified. These variables are therefore investigated, 
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which are considered quite similar to those of high-population spaces with a high degree of randomness of 
interactions and transformations. 
Starting from the available literature, the work aims to analyze some experiential narratives focusing on the 
themes of the cognitive characterization of rural paths. In particular, the results of experiments conducted 
with students of the engineering school of the Polytechnic of Bari are analyzed in a modelling perspective. 
The general research objective of the experimentation is to investigate the fundamental characteristics of the 
open space through spatial cognition by agents who navigate within open spaces themselves. Relevant data 
are analyzed in order to draw correlations between elements present in protocols collected by ad-hoc 
experimentation. The specific objective of the present paper is to analyze the possible dependence of spatial 
sensations and perceptions from the other physical and relational elements that characterize the rural open 
space. 
3 THE CASE STUDY 
During the past months, an experimentation campaign was carried out with 180 students of the 2nd year of 
the master’s degree in Building Systems, Urban Planning course. In this experimentation, each agent had to 
choose and travel a route in an open rural space, photographing elements that he considered to be of interest 
and recording sensations, perceptions and / or emotions along the way. The track, the places of interest and 
the notes were recorded in a geo-referenced way through smartphones, with appropriate software app. 
Subsequently, the agent reported her/his personal and residential details on the online portal related to the 
experimentation. The present analysis was carried out on a reduced sample of 16 observations out of 180 
protocols. This is a small part of the entire population involved, since the work of control, formatting and 
normalization of the great amount of data is only at the beginning. Apart from personal details, data are mostly 
stored on kml/kmz (Google Earth) files, from which numerical elements are then drawn out in the form of 
string, text and graph (Fig. 1 and 2). In particular, textual notes taken by each agent along the route have 
been analysed by using simple data mining software Concordance, to draw out word and concept frequencies. 
The aggregation of textual concepts into categories has then been developed by manual ex-post analysis (Le 
Yaouanc et al., 2010). In the end, the complete database is reported in Fig. 3, whereas specifications of 
acronyms, including the clusters of concepts grouped by synthetic categories, are reported in Fig. 4. 
 
 
Fig. 1 Example of track with the location of photo takings 
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Fig. 2 Example of track with photo and note taking locations 
 
 
Fig. 3 The collected database (features are described through the citation frequencies of relevant words in the notes) 
 
The internet portal of the experimental session, with personal details as well as relevant directions and 
information for respondents, is reported in Fig. 5. As said above, the specific objective of this work is to analyze 
the possible dependence of spatial sensations and perceptions from other physical and relational elements 
characterizing an open space. In this framework the statistical analysis method of multiple regression analysis 
was used as a pilot methodological experiment.  
That method was not selected just to formally single out an algorithmic law of dependence of sensations on 
the various characters emerging along an open-space route. Rather, multiple regression allows to investigate 
on the possible correlations, relations of mutual dependence among variables, focusing on multiple 
independent variables at the same time. By using this approach, it is possible to aim at making a thorough 
and mutually comparative evaluation and discussion, which is necessary because of the small sample analyzed 
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(Cohen et al., 2014, p.84). The multiple regression was carried out using the data analysis plug-in of Microsoft 
Excel, and statistical results are summarized in Fig. 6. 
 
 
Fig. 4 Legend of the aggregated variables (Italian excerpt) 
 
 
Fig. 5 The experimentation portal (Italian excerpt) 
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Fig. 6 The multiple regression analysis output 
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From the statistical analysis of the database, which resulted in the above regression equation, some 
considerations of a certain interest emerge. Obviously, the small sample implies that just large trends and 
suggestions can be drawn out, not robust interpretations. Furthermore, notwithstanding the general 
significance acquired (R2> 0.99), many regression coefficients are rather low and show little actual correlation 
in absolute terms. First, it is noted that the expression of sensations and perceptions during navigation 
increases in relation to the quantitative variation of some features. In particular, the expression of sensations 
increases with pollution and dissipation of resources appearing in the route (INQ: coeff.= +2.70; p= 0.01).  It 
also strongly increases in relation to the presence of animals (FAU: coeff.= +19.31; p= 0.007), probably due 
to their emerging as unexpected singularities along the route. Sensations show mixed correlations with built 
and artificial features, made possible by the above mentioned fluctuation of coefficients around zero value.  
For example, agents’ sensations increase with the perception of buildings (c= 0.52, p= 0.02) and streets 
(c=0.55; p=0.01), while decreasing with plants and installations (c= -0.88; p= 0.01). This may look somehow 
curious and substantially inconsistent. Yet perhaps the nature of the sample should be considered here, being 
made up entirely of engineering students of a planning course, who learn to evaluate buildings and roads as 
contextual parts of a larger ecological environment. They may tend to overestimate their perceptions of 
transformations in which they have a design responsibility (e.g., houses, farms, streets) while underestimating 
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the perception of elements out of their direct design interest (plants, installations etc.) (Borri & Camarda, 
2006; Selicato et al., 2012). As a matter of facts, such underestimation does not seem to affect contextual 
value judgements, such as the dissipation or pollution involved with physical transformations, since sensations 
are positively correlated with dissipating or polluting elements, as shown above. Another curious result is the 
significantly negative correlation with the perception of natural landscape (c= -1.33, p= 0.01). This may look 
somehow counterintuitive and difficult to interpret. However, some literature suggests that the perception of 
usual environments may not be very relevant by agents whose life, activity, dynamics continuatively occur in 
that environment (Kelly & McNamara, 2010; Lipinski et al., 2010). Natural landscapes are common 
environments for agents (students with their families) living in regions and lands still largely, traditionally 
characterized by agriculture and rural features. Therefore, they may be able and willing to depict landscapes 
even deeply, as they know them rather well, without being impressed in terms of sensations. The contrary 
may hold too, as agents may be stimulated to express sensations, emotions without describing their 
perceptions about a landscape inherently known (Campos et al., 2012; Gantar & Golobiþ, 2015). As a matter 
of facts, the flora component (c= -0.71, p= 0.03) seem to broadly confirm such interpretation. 
Then there are elements that define the exercise from a spatial-temporal, geographic and topographical point 
of view. For example, when the distance from the agent’s place of residence (c= 0.26, p= 0.02) and particularly 
route length (c= 1.18, p= 0.02) increase, then sensation increase -being probably due (respectively) to 
curiosity about a new environment and to a more changing environment. Yet, a negative correlation with the 
time required to cover the route (c= -1.33, p= 0,005) seems to be inconsistent with that, unless one considers 
that a longer time can induce a sort of addiction to perceptions, particularly if the route is short and not very 
varied (Kelly & McNamara, 2010; Weinreb & Rofè, 2013). However, the sensations seem to be in general 
barely correlated to the perception of dimensional and topographical aspects, while appearing more correlated 
to contextual and qualifying elements. 
4 CONCLUSIONS 
The analysis carried out above shows outcomes of a certain suggestion, formally significant in statistical terms, 
less significant in substantial terms at least in some cases. This is mainly due to the limited number of 
observations, which determines an overall status of a pilot study, not a proper research. From this point of 
view, in fact, there are many coefficients with low numerical value, so that the investigated variables have 
little influence on the dependent variable - i.e., the agent's spatial sensations and perceptions along the route 
(SEN). Furthermore, concerning the aggregation of textual concepts by categories, it has been developed with 
a raw and hybrid approach that has possibly determined errors. In fact, while the word frequency has been 
collected through data-mining tools, it has been subsequently contextualized and categorized manually by the 
analyst through ex post analysis. However, after carrying out the whole analysis, it was still possible to derive 
interesting qualitative considerations. In fact, they seem to suggest that the perception of an open space, 
largely devoid of the strongly structuring elements present in confined urban spaces, still depends on some 
recurrent physical and landscape elements that end up giving it a cognition based latent structure. The use of 
these suggestions can be particularly interesting to support decisions regarding the management of open 
spaces, their valorisation during the identification processes of physical and/or identity resources for hypothesis 
of environmentally sustainable development of settlements, as well as for land use planning purposes. 
At the present stage, some follow-up activities seem to be important to be carried out in the next future. They 
will particularly aim at giving greater robustness and reliability to the analysis and develop more aware and 
useful considerations. First, an enlargement of the analysis to the entire sample of 180 observations will be 
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an indispensable and significant step. Secondly, attempts will be made to integrate the statistical analysis with 
probabilistic inference techniques, in order to compensate statistical errors induced by the multiple regression 
tool.  
As a perspective follow up, the survey carried out here will be subsequently complemented by ontological 
aggregative approaches, as increasing emerging in spatial cognition literature (Barkowsky et al., 2007). This 
effort is oriented to investigate the possible realization of formal models more suitable to replicate and/or to 
interpret the complexity of the relevant environmental system. 
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ABSTRACT
Nowadays, urban regeneration processes increasingly face energy issues. The European Union 
has recently adopted some directives for promoting energy redevelopment and diffusion of 
almost zero energy buildings at a large-scale with a view to post-carbon cities. However, to 
achieve a sustainable growth, the reduction of the greenhouse gas and energy consumption is 
not sufﬁcient. A wide range of problem dimensions must be investigated and considered, such 
as social, economic and environmental aspects. 
In this multidimensional context, to investigate the stakeholders’ role and to understand their 
objectives and desires is essential not only to achieve consensus among parties but also to 
increase planners’ capabilities in solving decision problems. In this context, the agent-based 
model (ABM) is of interest to urban planners and municipalities, thanks to its bottom-up 
approach. The possibility to observe the agent’s (individual actors) actions come from the 
interactions among them in a speciﬁc environment is particularly important to address the 
sustainable and long-term vision of a city. To those aspects is added the necessity to link this 
simulation model with spatial and temporal analysis, to create a real world of investigation. The 
use of GIS and its linkage with ABM seems particularly effective to achieve the ﬁnal goal. The 
case study investigates potentials and limits coming from the integration of the two methods in 
the evaluation of different scenarios with the aim to realize an eco-district in the heart of Turin 
(Italy). The objective of the research is to use the San Salvario neighbourhood as a test-bed for 
an upgrading of the overall city sustainability.
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Urban Planning; Agent-based Model; Geographic Information System; Energy
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1 INTRODUCTION  
Nowadays, there is an intensive debate about the reduction of Green House Gas (GHG) emission, the decrease 
in energy consumption and the transition to renewable energy. Many are the directives adopted by the 
European Union for promoting energy redevelopment with a large-scale view of post-carbon cities.  
As a direct consequence, cities have started to define future strategies and plans to achieve these goals.  
In that context, the retrofitting of buildings is strictly important for their highest amount of energy usage in 
our cities. However, the retrofitting strategies are not sufficient unless they are considered in a larger view of 
development, in which all the pillars of sustainability should be considered. In fact, the energy transition must 
be a part of a vision concerning the experimentation of urban policies able to face new challenges in the social 
and environmental transformations governance of a city or a part of it. It is thus clear that apart from the 
investigation of all multidimensional aspects, it is necessary to pass from the analysis of a single building to 
an analysis at the district/neighbourhood level, following those models of sustainable energy transition 
generally called “eco-districts” or “sustainable neighbourhoods”. Although these terms refer to a very broad 
array of concepts, the literature review has underlined some principles to be taken into account for a 
sustainable urban development, such as satisfaction of human needs, considering neighbourhood impact on 
the wider environment, providing compact development and integrated sustainable mobility and developing 
harmonized coupled human-environment system (Luederitz et al., 2013). 
The picture that emerges is of an area of investigation extremely complex, in which policymakers must take 
decisions often not so clear as a first approximation. For that reason, over the years, different evaluation 
approaches and techniques, from the most consolidated (such as SWOT, Costs Benefits or Multicriteria 
analysis) to the innovative ones (such as Choice Experiments or Fuzzy analysis), have been developed to face 
the complexity of decision-making problems in urban areas. An interesting research path concerns the so-
called Mixed Methods, that combine qualitative approaches typical of social sciences with quantitative ones 
based on mathematical models and statistical analysis.   
An innovative and powerful analytic and computational method recently emerged is the Agent-Based Model 
(ABM). This approach offers a flexible architecture able to realize a detailed representation of complex agent 
systems, including the behaviour of agents, their social interactions and the environments that surround them 
(Khansari et al., 2017). 
In a certain way, also these methods do not consider a fundamental element related to the urban complex 
problems, namely the real spatial nature of urban and territorial problems. Therefore, the objective of our 
research is combined this innovative approach (ABM) through Geographic Information Systems (GIS) capable 
to synthetize geographic information and data. 
The case study investigates potentials and limits coming from the integration of the two methods in the 
evaluation of different scenarios of sustainable development with the aim to realize an eco-district in the heart 
of Turin (Italy). The objective of the present paper is to frame a methodological proposal for the application 
of the integrated ABM-GIS model. The real case study of the San Salvario neighbourhood in Turin will be 
considered for the experimentation.  
2 AGENT-BASED MODEL (ABM)  
In the present section, a brief description of the ABM methodology is proposed, coupled with an analysis of 
the relevant articles in the domain of urban planning. 
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2.1    METHODOLOGICAL BACKGROUND 
The Agent-Based Model (ABM) is a powerful method able to build complex systems starting from individual 
actors (called agents) whose coincident acting leads to emergent effects or outcomes (Hinker et al., 2017). 
These results do not come from the actions of a single agent, but the final effects of the interactions of all 
actors (Grimm et al., 2006). Simulating individual actions of many diverse agents and measuring the resulting 
system allows realizing a decision-making process really based on a bottom-up approach, in which the 
stakeholders act to achieve their own objectives and interests. Another element that characterizes this 
approach is the presence of a shared environment in which the agents interact. Connecting the environment 
with the all multidimensional aspects of the decision process can be a useful tool for study the effects on 
processes that operate at multiple scales and organizational levels (Brown, 2006). In more detail, it is possible 
to define three components as the key elements that characterize the ABM, namely the agents, the interactions 
and the environment.  About the agent, the literature does not provide a univocal definition on his 
characteristics. However, Macal and North (2010) underline certain essential characteristics that the agents 
need to have:  
î autonomy in its environment and in its interactions; 
î self-sufficiency, modularity, uniqueness and individual identifiability1;  
î a state that varies over the time; 
î a social dynamic that influences its behaviour through the interactions with other agents. 
The interactions among agents are particularly important because they generate changing in agent behaviours. 
Primary issues of the modelling are to figure out whom agents are connected and the types of interactions’ 
mechanisms. Related to the first aspect, not all agents interact with all the others, but with a subset of them: 
this group represents the neighbour of an agent. For the second aspect, exist many types of agent relations’ 
modelling: with Cellular Automata (CA), in the 2D or 3D Euclidean Space, with Network topology, with 
Geographic Information System (GIS) and with the aspatial “Soup” model (Macal & North, 2010). The 
environment represents the place in which agents interact. It could have different information and detail levels: 
it may give only information about the agents’ spatial location or a rich set of data, like a GIS. 
2.2    LITERATURE REVIEW 
The analysis of the literature has underlined different phenomena with respect to the theme of ABM. With the 
use of the database Scopus, we investigated all articles related to the Agent-Based Model (ABM). In that case, 
the documents resulted are more than 11 thousand, already written before the seventies, but with a significant 
increase after 2005. On the contrary, the publications related to the Agent-Based Model (ABM) and its 
application in urban and energy regeneration are considerably less of about 120 documents. All were written 
after 2000 and the considerable growth occurs after 2005 (Fig. 1). Considering only the documents that use 
an integration between ABM and GIS, the relevant articles passed from 118 to 5. In-depth analysis underlines 
two relevant aspects: first, exist in addition to agent-based model (ABM) the so-called multi-agent systems 
(MAS), normally used for the separation of logical components of intelligent systems (Hinker et al., 2017); 
second, the scale of the project is in most cases an urban scale and so, less indicated to analyse district 
regeneration and transformation. The ABM seems to be very useful to define land use in relation to the 


1 These characteristics allow to clearly define the boundaries of each agent. 
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behaviour of the agents considered. An exception is represented by the Hinker et al. (2016) research, that 
uses the ABM for analysing socio-technical optimality gaps in the energy domain at a district level: both the 
project scale and type of agents involved are similar and comparable to our case study. The main papers 
consulted for our research are given in Tab. 1. 
 
AUTHORS TITLE DESCRIPTIO
N 
YEAR 
Bush, J., Roelich, K., Bale, 
C.S.E. & Knoeri, C. 
Scaling up local energy infrastructure; An agent-
based model of the emergence of district heating 
networks 
ABM; 
scenarios at 
district level 
2017 
Gaube, V.  & Remesch, A. Impact of urban planning on household’s 
residential decisions: an agent-based simulation 
model for Vienna 
ABM; urban 
level 
2013 
Heppenstall, A.J., Crooks, 
A.T., See, L.M. & Batty, M. 
Agent-Based Models of Geographical Systems ABM + GIS 2012 
Hinker, J., Hemkendreis, C., 
Drewing, E., Marz, S., 
Hidalgo Rodriguez, D.I. & 
Myrzik, J.M.A. 
A novel conceptual model facilitating the derivation 
of agent-based models for analysing socio-
technical optimality gaps in the energy domain. 
ABM/MAS; 
district level 
2017 
Hosseinali, F., Alesheikh, 
A.A. & Nourian, F. 
Agent-based modelling of urban land-use 
development, case study: Simulating future 
scenarios of Qazvin city. 
ABM; 
scenarios at 
urban level 
2013 
Khansari, N., Silverman, 
B.G., Du, Q. & Waldt, J.B. 
An Agent-Based Decision Tool to Explore Urban 
Climate & Smart City Possibilities. 
ABM + GIS; 
urban level 
2017 
Le, Q.B., Park, S.J. & Vlek, 
P.l.g. 
Land Use Dynamic Simulator (LUDAS): A multi-
agent system model for simulating spatiotemporal 
dynamics of coupled human-landscape system 2. 
Scenario-based application for impact assessment 
of land-use policies. 
MAS; 
scenarios at 
region level 
2010 
Ligtenberg, A., Beulens, A., 
Kettenis, D., Bregt, A.K. & 
Wachowicz, M. 
Simulating knowledge sharing in spatial planning: 
an agent-based approach. 
MAS; 
scenarios at 
region level 
2009 
Liu, H., Silva, E.A. & Wang, 
Q. 
Incorporating GIS data into an agent-based model 
to support planning. Policy-making for the 
development of creative industries 
 ABM + GIS; 
district level 
2016 
Macal, C.M. & North M.J. Tutorial on agent-based modelling and simulation ABM  2010 
Tian, G., Ouyang, Y., Quan, 
Q. & Wu, J. 
Simulating spatiotemporal dynamics of 
urbanization with multi-agent systems – A case 
study of Phoenix metropolitan region, USA. 
MAS; 
scenarios at 
urban level 
2011 
 
Tab. 1 Main articles from literature review in the context of urban planning 
Fig. 1 Number of publications related to the Agent-Based Model (ABM) and urban-energy regeneration written over the years
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3 CASE STUDY  
3.1    DESCRIPTION OF THE SAN SALVARIO NEIGHBORHOOD 
 
The case study is located in Turin and, in particular, in the San Salvario neighbourhood. This area is placed in 
a strategical location in the south-east of the city (Fig. 2) close to the city centre, the railway station of Porta 
Nuova and the Valentino park (Fig. 3). The neighbourhood has a population of about 36 thousand and an 
extension of about 2.2 sq.km. Although the local population has started to decline since 1995, the number of 
people who live in that area remains rather stable, thanks to the increasing number of young people, mainly 
students, and foreigners. However, most of the population is old (Fig. 4), as well as in many other parts of 
the city. 
Fig. 3 The San Salvario neighbourhoodFig. 2 Location of the San Salvario neighbourhood in Turin
Fig. 4  Population graph of San Salvario (ISTAT data 2011)
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Of interest in our research was the analysis of the building stock of the neighbourhood to think about the 
retrofitting: as you can see in Fig. 5 the age of the buildings is quite diverse. The nineteenth-century buildings’ 
quality has a considerable architectural value although the absence of ordinary and extraordinary maintenance 
has caused a significant degradation. Corso Vittorio Emanuele has many buildings with architectural value, 
while Via Nizza and Via Madama Cristina are characterized by public housing, craft activities, shops and clubs. 
Via Nizza is characterized by buildings with the C-shape, typical of the nineteenth century. Most of the buildings 
in Corso Marconi are characterized by the architectural typology known as "umbertina", dating back to the 
eighties of the nineteenth century. The most recent constructions are along the Valentino park and the area 
near Piazzetta Primo Levi.  
 
 
 
 
Fig. 5 Age construction of buildings (Geoportale of Turin GIS data 2017)
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3.2 STAKEHOLDERS ANALYSIS 
The study of the area and of its peculiarities has underlined some relevant aspects to be considered. In respect 
to the very different people who live in the area and the many actors interested in this district management 
project, we have realized a stakeholder analysis. In order to understand what happened or what can happen 
in a decisional process, the first question that we have to ask is about who has contributed or could contribute 
to its development and outcome by adopting relevant behaviours (Dente, 2014). The power-interest 
stakeholders’ analysis is one of the most used methods to understand the role of the different actors interested 
or called to the evaluation process. In particular, it allows to know in advance how we manage each of them: 
if the stakeholder has a low interest and power must be only monitored during the process; instead, if the 
interest increased they must be informed; on the contrary, if the interest is low but the power is high they 
must keep satisfied; finally, if both power and interest are high they must be managed closely. The Fig. 6 
shows the stakeholders involved in the transformation process of San Salvario and highlighted their specific 
role.  
 
4 PROPOSED EVALUATION PROCESS  
According to the analysis of the literature developed in section 2, in order to face the difficulties for the 
application of ABM approach to complex environments, the problem of San Salvario district has been divided 
into different levels that were considered separately. Every single one represents the all aspects characterizing 
the eco-district model applied to San Salvario: (1) the retrofit of the building stock and the changing in the 
energy demand, (2) the improvement of mobility and (3) of recyclable waste collection, considering the social 
integration of the actual urban structures.  
 
Fig. 6 Power-interest stakeholders analysis for the San Salvario district
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4.1 OVERVIEW OF THE ABM FRAMEWORK 
As described in the methodological background, the three main elements that characterized an agent-based 
model are the actors, the environment and the interactions. Following the scheme proposed by Hinker et al. 
(2017) for the application of the ABM approach, it is fundamental to define other aspects (described below) 
that represent the common framework for the creation of our model. 
(1) Objective: represents the specific objective of each level of our ABM model, that, joined with the others, 
generates the overall aim of the research. 
(2) Actor class: a general group of actors with similar intentions. 
(3) Layer: represents the actor’s field of action. In the first phase, the layers depend on the actor, ultimately, 
they are harmonised and unified. 
(4) (Primary) intentions: in the real world each person has different and specific intentions, but, to reduce the 
complexity of the model, we have considered the most urgent ones, defined them as the primary intentions 
of the actor. 
(5) Compulsions: with this term, we refer to the all external forces that can ban some actions of other actors. 
An example of a compulsion could be the presence of a law that inhibited an action. 
4.2 EXAMPLES OF INTERACTING SYSTEMS 
Starting from the keywords previously described and taking into account all the pillars of sustainability, we 
have built the structure of our ABM model. For each one of the considered levels for the transformation of the 
San Salvario district, specific objectives and related actors, layers, primary intentions and compulsions were 
defined to have a broader picture of the problem for the application of the ABM approach. 
Retrofit Of The Building Stock And The Changing In The Energy Demand 
A first relevant interaction among agents comes from the realisation of the first objective, i.e. the retrofit of 
the building stock and the changing in the energy demand. From one side, it creates effects on owner, 
landlords and tenants caused by the cost of intervention, the profit and the lowering of energy costs. From 
the other side, the project could generate gentrification phenomena and a change of the inhabitants’ social 
target, that must be considered by the local authorities to avoid possible reactions by the neighbourhood’s 
associations.   
 
(1) CHANGING IN ENERGY DEMAND (economic aspects) 
 
ACTORS OR CLASS LAYERS PRIMARY INTENTIONS COMPULSIONS 
Homeowner Building stock 
and power 
grid 
Ensuring climate 
comfort 
Limited financial possibility: public 
administration must support with economic 
programs the refurbishment 
Landlord Increasing profit Having a return on the investment 
Tenant Reducing energy 
expenses 
Low economic status 
(2) MAINTAIN/REDEVELOPMENT URBAN STRUCTURES (social aspects) 
 
ACTORS OR 
CLASS 
LAYERS PRIMARY INTENTIONS COMPULSIONS 
Municipality Entire 
district 
To incentive building retrofitting, considering 
the social status of the inhabitants 
Limited financial 
resources 
Gentrification phenomena 
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(3) OPERATIONS ON THE ENERGY INFRASTRUCTURES (technical aspects) 
 
ACTORS OR CLASS LAYERS PRIMARY INTENTIONS COMPULSIONS 
Distributor system 
operators (including 
ENEL/IREN) 
Power grid and 
energetic systems 
Diffusion of their specific 
energy strategy and knowledge
Achieving a post 
carbon district 
 
 
(4) CHANGING IN THE QUALITY OF LIFE (environmental aspects) 
 
ACTORS OR CLASS LAYERS PRIMARY INTENTIONS COMPULSIONS 
Inhabitants (neighbourhood 
associations and close 
inhabitants) 
Entire 
city 
Reduction of CO2 emissions The realization of the 
redevelopment project 
Improvement of district mobility 
The creation of a district characterized by the presence of different alternative means of transport, it is a great 
opportunity for the inhabitants and in particular for the neighbourhood residents. However, the success of this 
intervention depends on the intents and the possibilities of both the municipality and the Turin transport 
agency (GTT).  
 
(1) CHANGING IN THE MOBILITY DEMAND (economic aspects) 
 
ACTORS OR CLASS LAYERS PRIMARY INTENTIONS COMPULSIONS 
Neighbourhood residents 
(Homeowners and tenants) 
Entire city Reduction mobility expenses A limited number of public 
means of transport 
 
 
(2) INCREASE OF ALTERNATIVE MOBILITY (social aspects) 
 
ACTORS OR 
CLASS 
LAYERS PRIMARY INTENTIONS COMPULSIONS 
Municipality Entire city Radical change in trade of actual mobility use in 
favour of the diffusion of alternative means of 
transport 
Limited financial 
resources 
 
 
(3) DIFFUSION OF ALTERNATIVE MEANS OF TRANSPORT (technical aspects) 
 
ACTORS OR CLASS LAYERS PRIMARY INTENTIONS COMPULSIONS 
GTT (transport agency) Entire city Increasing the number of people 
that use its service 
Limited financial resources 
 
(4) CHANGING IN THE QUALITY OF LIFE (environmental aspects) 
 
ACTORS OR CLASS LAYERS PRIMARY INTENTIONS COMPULSIONS 
Inhabitants  Entire 
city 
Reduction of CO2 emissions The realization of the redevelopment 
project 
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Recyclable waste collection 
One of the pillars of the Turin municipality’s last policies is the diffusion at a larger scale of the recyclable 
waste collection. An improvement of the actual way could be texted in this area and, then, spread to the 
overall city. In that context, the municipality and the waste agency have the responsibility to inform the 
inhabitants and to acquire the knowledge necessary for the success of the entire project. 
 
(1) CHANGING IN THE RECYCLING WASTE COLLECTION (economic aspects) 
 
ACTORS OR CLASS LAYERS PRIMARY INTENTIONS COMPULSIONS 
Neighbourhood 
residents 
Entire city Reduction in waste expenses The comprehension of the roles of 
recycling waste collection 
 
 
(2) REDUCTION OF THE QUANTITY OF WASTE (social and environmental aspects) 
 
ACTORS OR CLASS LAYERS PRIMARY INTENTIONS COMPULSIONS 
Municipality/Inhabitants Entire city Reduction of the quantity of waste, 
increasing the recyclable one 
Limited public financial 
resources 
 
 
(3) IMPROVEMENT OF THE RECYCLABLE WASTE COLLECTION (technical aspects) 
 
 LAYERS PRIMARY INTENTIONS COMPULSIONS 
AMIAT (waste 
agency) 
Entire 
district 
Efficiency in the collection of 
recyclable waste  
Limited financial resources and 
knowledge of the Turin waste agency 
 
5 DISCUSSION OF THE PRELIMINARY RESULTS AND FUTURE STEPS  
In this paper, a methodological framework was conducted to better apply the integration between the ABM 
and GIS to the specific case study of San Salvario. To facilitate the structure of our model, we have used the 
so-called ODD (Overview, Design concepts, and Details) protocol, developed by Grimm in 2006 and 
implemented in 2010. Based on the ODD, we started to draft the so-called “overview”, that represents the 
first macro-step of the protocol. However, the complexity of our case study and the multi-dimensions to be 
considered has caused the necessity to form a more extensive conceptual model.  
For the future steps of the analysis, we will develop the other phases of the ODD, i.e. design concepts and 
the detailed analysis. In fact, once the model has been conceptualised, it must be formalised into a 
specification which can be developed into a computer programme. In this sense, a more in-depth analysis is 
also necessary to decide into the variety of existing software the most appropriate one for the development 
of our model. In addition, we would like to join to the ABM toolkit the functionality offered by the GIS software 
libraries to add greater data management and spatial analytical capabilities for the geospatial modelling. 
To this end, it is possible to affirm that the proposed approach seems to be particularly useful for structuring 
the complexity of the decision problem under investigation, as it offers a bottom-up interactive solution to the 
more traditional aggregated modelling approaches (Chen, 2012). 
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ABSTRACT
Most of the European territory cannot be understood as simply places with speciﬁ c and deﬁ ned 
spatial, functional and perceptive features. In this general view, marginal lands, “territories 
in between” (TiB), “less favoured areas” (LFA), are recognized as areas in transformation, 
in which particular attention should be paid in order to a coordinated development of whole 
territory. The aim of the study is to deepened knowledge these marginal in order to further a 
range of development opportunities starting from speciﬁ c features. In Italian context, Molise 
Region has an important amount of internal, less-favoured areas, in order to its morphological 
structure and its historical and economic development. In this paper a comparison between 
LFAs and TiBs was developed, starting from their allocation and from OECD and European 
Commission deﬁ nitions. Then, the Ecosystem Services (ES) were assessed through economic 
approach, comparing regional average with site-speciﬁ c values. Results show general high ES 
values at regional level, compared to other Italian context. Al local level, ES assessment shows 
critical conditions within the TiB inside LFAs, with high ES values and economic disadvantage. 
The analysis shows, therefore, the importance of these areas as support to landscapes and 
habitats preservation; they are (and have to been considered) important parts of cultural and 
environmental heritage. Quantitative indices and parameters are useful tools to highlight, 
through objective and numerical terms, land criticisms but also opportunities. These aspects 
can involve public opinion and support decision-maker on conservation policies. 
KEYWORDS
Marginal Lands; Ecosystem Services; Landscape Planning 
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1 INTRODUCTION  
Areas characterized by a closed interaction between urban and rural functions, or with problems such as 
fragmentation, abandonment, pollution or with low level of productivity cannot be read as simply places with 
defined spatial, functional and perceptive features. Together with traditional "urban" and "rural" physical 
classifications of landscape, the more recent definitions of "middle landscape" or "hybrid geographies" were 
recently introduced, with connotations of areas needing for specific management and planning approaches, 
more related to their intrinsic characteristics and value. In this general point of view, marginal lands, 
"territories in between" (TiB) and less favoured areas (LFA), are recognized as areas in transformation, for 
which particular attention should be paid in order to get a coordinated development of whole territory. As a 
matter of fact, these areas are not simply rural places with intensification 
n of urban functions. At the end of ’30s of the past century many studies deepened the problem of territorial 
classification (defining them as zwischenstadt, tussenland, città diffusa, fringe areas, etc.) according to the 
different areas of study.  
Only since 70s these classifications affected concretely spatial planning policies (Frijters et al., 2004; Louis, 
1936; Secchi, 1991; Wandl et al., 2014, 2017). Starting from EEC Directive 75/268, Less Favoured Areas 
(LFA) scheme allows individuating disadvantaged rural areas, responding to the widely divergent regional 
situation of EU agriculture, with respect to both the socio-economic situation and natural features 
(MacDonald et al., 2000). In areas designated as "less-favoured", agricultural production or activity is often 
more difficult because of natural handicaps, e.g. difficult climatic conditions, steep slopes in mountain areas, 
or low soil productivity in other less favoured areas. 
On the other hand, the role of rural activities is very important, for the production, care and use of 
landscape, for the traditional social structures maintenance, as well as for a multifunctional basis for other 
economic sectors (Cialdea,  2000, 2005, 2012, 2017, 2018a , 2018b; Cialdea & Badami, 2017; Cialdea & 
Maccarone, 2012; Cialdea & Mastronardi,  2014a, 2014b, 2017a, 2017b; Cialdea et al., 2006; Ducci et al., 
2017; Pindozzi et al., 2016). Recent studies recognize to these areas increasingly important opportunities in 
terms of sustainable and resilient development, because of biodiversity and richness of ecosystem services, 
green infrastructures and vocation to renewable energies production, etc. etc.  and therefore become 
strategic areas for achieving sustainable land management. The use of Ecosystem Services (ESs) theory in a 
structured way into landscape planning, management and design, is changing the terms of discussion on 
nature conservation, natural resource management and other areas of public policy (Cervelli et al., 2016a; 
Pindozzi et al., 2013, 2017; Rigillo & Cervelli, 2014).  
This study deals with the adoption of a framework mathematically based which entails two steps. Firstly, 
potential marginal areas identification has been carried out, starting from TiBs definition and LFAs 
perimeters, integrating development suitability with economic disadvantage. Secondly, ESs assessment, by 
means of monetary approach, has been performed.  
The aims of the work are the following: to deepen knowledge of marginal areas in contexts that revealed 
economic disadvantages, despite of their high environmental, cultural and landscapes values, and to assess 
their current resources, in order to support potential land use change or intensity of use.  
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2 MATERIALS AND METHODS 
2.1 STUDY AREA  
Study area, of about 4.400 km2 encompasses the whole Molise Region, consisting of two Provinces divided 
in 136 Municipalities, inside mountain areas (55.3%) and hilly areas (44.7%). Study area presents a high 
natural, environmental and cultural-historic value, highlighted by one Campania Regional Park (Matese 
Regional Park), twelve SCIs and four SPAs (Fig. 1), urban historic centers, natural trails for the herds 
passage called “tratturi” (Cialdea, 2004, 2007, 2013a, 2013b, 2015, 2017; Cialdea & Cacchione, 2013; 
Cialdea & Mastronardi, 2015). Nevertheless these resources are not transformed into opportunities for 
sustainable socio-economic development: the economy is poorly developed compared to other Italian 
regions, despite the region shows an index of per capita GDP higher than other Southern regions.   
 
 
Fig. 1 Study area which shows: artificial surfaces, mobility network, heights and natural protected areas system 
 (Source: our elaboration, 2018) 
 
The main economic driving force is the primary sector, with a total of about 34,000 companies and 9,600 
workers, equal to about 8% of the total regional workers (twice than the national average level), depending 
on a strongly established agricultural tradition. In line with this data, the primary sector still absorbs 
substantial percentage of the labour force, although not as much as in the past. The secondary economic 
sector is present in the industrial centres of Termoli (on the coast), Campobasso-Bojano, Campobasso-
Ripalimosani and Venafro-Pozzilli (internal areas). The natural environment is a source of attraction, 
particularly in the seaside centers (Termoli, Campomarino, Montenero di Bisaccia, Petacciato) and 
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mountainous recreation areas (Campitello Matese, Capracotta, National Park of Abruzzo, Lazio and Molise), 
but not adequately exploited (the region is last for tourist arrivals). 
The demographic trend of the population living in Molise, from 2001 to 2016, shows a decrease of 3.1%, 
with a strongly negative migration balance (-22%, in 2016) mainly due to the cancellation of residents 
because of their moving to other municipalities, and with an equally negative natural balance, due to the 
reduction of births (-20% in the last 15 years). 
The identification of potentially marginal areas can therefore constitute a strategic element to support 
decision makers, for the definition of policies for sustainable development, capable of safeguarding the local 
people rights about land management (depending on their socio-economic development instances, starting 
from local opportunities and resources) and, at the same time, capable of preserving environmental values. 
2.2 MARGINAL AREAS IDENTIFICATION 
According to different EU documents and scientific community in the field of landscape and urban planning 
(Dijkstra & Poelman, 2012; Lewis & Hugo, 2012; Wandl et al., 2014, 2017), marginal lands into the study 
area were processed by means of different steps: 1. Detection of any “urban centre” with high-density 
population (as grid cells layer); 2. Identification of their commuting zone; 3.  
Integration with LFAs. As first reference the methodology reported by Dijkstra and Poelman (2012), allowed 
identifying areas without a specific self-sufficiency, integrating data on the resident and present population 
from census data (ISTAT, 2011), with economic presence, communication infrastructures and economic 
indicators, such as commuting. All grid cells with a density of more than 1500 inhabitants per km2 were 
selected, starting from Corine Land Cover 2012 (CLC12) map and the above mentioned census data; were 
used. Thus the contiguous high-density cells are then clustered obtaining the Urban Audit city boundaries. In 
this way it was possible to identify urban areas with more than 50,000 inhabitants. Then, all the 
municipalities (local administrative involved in the Urban Centre) with at least the half part of their 
population falling inside the urban centre were selected as candidates to become part of the city. 
Once cities have been defined, commuting zones were identified. Commuting zones correspond to areas in 
development, no urban and no rural, with uncertain relationship between policies and spatial development, 
in terms of housing, economic activities, mobility, social relations, trough the following steps. 
Adding artificial surfaces (except urban fabric) from Corine Land Cover 2012 and mobility infrastructures 
(buffer 500m), and subtracting the continuous urban fabric (CLC12), “Territories in between” were defined 
in each commuting zone. The territories in between sorted out were then compared and integrated with the 
LFAs, defined by Axis 2 of Rural Development Policy for 2007-2013. In Italian context, Molise Region has an 
important amount of internal, less-favoured areas, due to its morphological structure and its historical and 
economic development. As defined in Dir. 75/268/EEC, LFAs include mountain areas, other disadvantaged 
areas, defined as areas threatened with depopulation and areas where natural environment conservation is 
necessary, and finally, areas where specific disadvantages occur. In the following we refer to LFAs 
development by comparison between institutional disadvantages (as stated by Dir. 75/268/EEC) and 
simulated disadvantage (CAIRE, 2010). 
2.3 ECOSYSTEM SERVICES 
Ecosystem services have been defined as the benefits human derive from nature (natural capital) through a 
set of ecosystem functions (MEA, 2005). The natural capital of a context constitutes the basis of social 
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welfare and sustainable development, so it is essential to know it and to evaluate it. Evaluating ES supply 
and demand can support long-term informed decisions, providing estimates of costs and benefits associated 
with decisions and scenarios. Beyond differences in definitions reported in various reference documents 
(Haines-Young & Potschin, 2013; MEA, 2003, 2005; TEEB, 2012) the ES are generally classified in 
provisioning, cultural, regulation and maintenance, etc. There are various types of assessment, this study 
referred to the monetary value because of the regional level of the study. Namely this approach allows to 
quantify the ecosystem value expressed by the landscape, also considering different scenarios, through a 
monetary index, objective and comparable (Cervelli et al., 2016b, 2017). In land-use planning and 
management, the use of monetary ESs allows taking decisions selecting the choice with "greater value" 
(Cervelli et al., 2016b). 
Each ES monetary valuation is unavoidably affected by errors (real existence of a market, willingness to pay, 
use / non-use value, etc.) and/or uncertainties (number of variables in complex systems, etc.). Nevertheless, 
ES assessment in monetary terms allows explicit inclusion, in the definition of strategies and choices 
between expected costs and benefits, being an useful indicator for reporting environmental issues (Schirpke 
et al., 2014). There are numerous formulas for economic evaluation of environmental assets that can be 
distinguished by type of value or component of the Total Economic Value. In this paper, starting from 
Scolozzi (Scolozzi et al., 2012), the value of ESi for each land use polygon is calculated following  
Eq. (1): VESi,k = Ak*wi(LC, dist) * vi(LC) 
Where: 
VESi,k is the value (€/year) of i-ES for k-polygon of a defined land use,  
Ak is the k-polygon area,  
wi is a coefficient for i-ES and specific LC considering context variables. 
vi is the monetary value of i-ES for defined LC (€/ha). 
Specifically, the monetary values were obtained from Scolozzi’s study and update. Corine Land cover 2012 
map was used for land cover classes and as basis to obtain distance from urban areas.  
3. RESULTS 
3.1 REMARKS FOR MARGINAL AREAS IDENTIFICATION 
As first result, the Territories in between map allowed identifying  the high density centres (in Molise region), 
the urban Audit Cities and their commuting zones, covering multiple municipalities. The high density urban 
centres are seventeen (17/136), with almost the half part of their population inside the urban centre. The 
first Urban Audit City perimeter, including the whole administrative areas of each high density centre; 
extends for about 1000 km2, corresponding to 20% of the Molise region. The percentage of commuters on 
the total population confirmed the first perimeter. 
The definitive commuting zones have included the enclaves-municipalities; six distinct commuting zones 
have emerged (Termoli on the easth-coast, Campobasso, Isernia, Bajano, Frosolone, Poggio Sannita, on the 
west internal areas), which cover a total of 1200 km2 and include the main regional industrial centers. The 
maximum population calculation, compared with literature values, allowed identifying 43 km2, in which 
maximum population density (including resident population and employees) is between 150 and 5000 
inhabitants/km2. Starting from land use dataset and infrastructure network, TiB were defined in the six 
commuting zone, equal to 525 km2, 12% of the whole regional area (Fig. 2). In addition, TiB included in 
LFAs were processed, intersecting morphological and economical data. Excluding 12 municipalities (near sea 
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cost), all Molise region is included in LFA. The new perimeter for TiBs in LFA and CM, extends for about 1700 
km2, 38% of total regional area (Fig. 3). TiBs are suitable for agricultural uses (1000 km2), followed by 
natural and semi-natural areas (600 km2), artificial, wetland and water bodies (78 km2). The arable lands are 
the 70% of agricultural areas. 
 
Fig. 2: Maximum population and Commuting zones 
 (Source: our elaboration, 2018) 
Fig. 3: TiB in Commuting Zones and Less Favoured Areas 
(Source: our elaboration, 2018) 
3.2 REMARKS FOR ECOSYSTEM SERVICES  
The total ES value of the whole Molise region is equal to 344M€, 775€/ha.  
The map of ES values distribution (Fig. 4) on study area shows the specific value of each cell (20*20) and 
allows identifying areas with higher ES monetary values, in Molise region, namely: National Park of Abruzzo 
Lazio and Molise, areas closed to Campania Regional Park of Matese. On the other hand, inside these areas 
is possible to recognize some spot areas with the lowest ES values. The comparison of this map with the 
natural protected areas, underlines the congruence of the values. A specific analysis was made into TiB 
inside Commuting zones and LFAs. Values are reported in Tab. 1. 
 
VARIABLES  AREA 
(sq. km) 
ES TOTAL MONETARY VALUE 
(M€) 
ES MEAN MONETARY VALUE 
(€/ha) 
Molise region 4437 344.02 775.34 
TiB in LFAs 1506 107.27 712.28 
TiB in CZ 525 25.75 490.48 
Tab. 1: ES monetary value (Source: our elaboration, 2018) 
 
Es monetary values for TiB in CZ are the lowest. LUC class analysis shows how the lower ES values per 
hectares are associated to classes 211-Non-irrigate arable land and 311-Broad leaved forest, because of 
their huge areas; however in the CZs ESs values are the half compared to the value for the same classes, in 
LFA areas. 
4 DISCUSSIONS AND CONCLUSIONS 
The Molise region has a high naturalistic and environmental value that could also become a source of 
important tourism-economic development.  
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The identification of priority action areas can become strategic, in order to preserve the actual resources, 
and, at the same time, to improve local economy. In this paper the TiBs inside the commuting zones are 
identified as areas undergoing possible transformation because of demographic, logistic (infrastructures), 
socio-economic (employment, commuting) reasons. 
They were then integrated with possible TiBs in LFAs, in order to include also lands with disadvantaged 
economic situation, in contrast with their high environmental values. Priority action areas constitute 35% of 
the whole regional surface.  
 
 
Fig. 4: ES values distribution (Source: our elaboration, 2018) 
The ES monetary values assessment was performed, at the meta-data level and it is based on literature 
values, both for whole region and for priority areas. Results showed an important role of priority action areas 
(in terms of weakness or resource) and they support policies in which nature conservation and conservation 
management do not necessary pose a trade-off between the environment and development (de Groot et al., 
2010). Multicriteria assessment frameworks, taking into account different landscape aspects (TiBs and LFAs, 
in this study), can contribute to a sustainable ecosystem use, identifying contexts more strategic, able to 
generate substantial ecological, social, and economic benefits.  
The proposed integrated approach is aimed to improve knowledge and awareness about the strategic 
choices at policy level and to facility institutional/public communication, in order to achieve a real 
implementation of planning policies arising from a shared and transparent analysis process. 
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ABSTRACT
Our proposal identiﬁ es the River Contract as a process to implement the urban public spaces 
through the redevelopment of the Tiber River as a natural infrastructure. The River Contract 
is a participatory process with operational implications for the redevelopment of river basins. 
The state of art of the River Contract in Italy has been analyzed. Our sample area is located in 
the Roma Province, along the Tiber River in the area from Fara Sabina to Castel Giubileo. This 
particular area is actually not covered by any Contract, although there are a lot of naturalistic 
elements and boundary conditions that could lead to a good success and unexpected 
implications of this new instrument, oriented not only to naturalistic engineering, but also to 
urban design. Values of this actually not covered area have been highlighted through some 
different landscapes urbanism’s categories: Waterscapes that include the Tiber River and other 
tributaries; Naturalscapes that include some Regional Natural Reserves and the “Laghetti in 
Località Semblera” Natural Monument and ﬁ nally the Regional Natural Park of Veio; Ruralscapes 
that involve all rural zones, including areas related to CREA (Consiglio per la ricerca in agricoltura 
e l’analisi dell’economia agraria) and CNR laboratories; Culturalscapes as archaeological areas, 
castles and ancient buildings, museums and ancient mills; Infrastructuralscapes that involve 
Salaria, Tiberina, Flaminia, Nomentana Roman Consular Roads and local railways. The aim of 
our investigation, supported by territorial georeferenced analyses, is the Regeneration Strategy 
for the Tiber River to connect all these Values, related to different “Scapes” for the new “urban” 
dimension.
KEYWORDS
Public Space; River Contract; Urban/Territorial Dimension
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1 INTRODUCTION  
Our dissertation investigates the relationship between the plurality of factors that insist on the river 
landscape. This approach can still be more significant in a context of Inner Areas, such as geographical 
areas subject to strong centrifugal forces, with demographic problems and unstable development, but 
endowed with resources that are lacking with the large centers of agglomeration, with strong attraction 
potential. Furthermore, Inner Areas can be the basis for the study of polycentric solutions aimed at 
improving the production quality. In order to optimize the relationship between cities and countryside, they 
can accept models of development linked to forms of valorization of the natural and cultural heritage and to 
the maintenance of their territorial identities. The River Contract tool (RC), voluntary negotiated and 
participatory programming agreement, may be an opportunity for achieving the landscape quality aims 
foreseen by our National Code for Cultural and Landscape Heritage of 2004, as amended and supplemented 
(Repubblica Italiana, 2004). River Contracts make the principles of protection of the landscaping plan their 
own, both under the profile of its naturalistic and environmental relevance, as well as artificial landscape, 
man's work (Cialdea 2017b; Cialdea & Cacucci, 2017), as it has been described in the National River 
Contracts Charter of 2010 and defined by the National River Contracts Table (Tavolo Nazionale dei Contratti 
di Fiume 2010). The River Contract presents itself, in the light of these considerations, as a new opportunity 
to affect the development potential of Inner Areas. It can become the driving element of a new vitality for 
these places, as a territorial management tool that starts from the bottom, and therefore from the needs 
and desires of people who live on the territory (Cialdea & Quercio, 2017; Corrado, 2014; Minervin, 2014). 
Many national and international studies address the matter of the relationship between planning tools and 
the river landscape (Bianchini, 2014; Esposito, 2014; Ingaramo & Voghera, 2016) and they are also more 
and more the subject of specific studies for graduate (Ciuffreda, 2017; Pompei, 2018) and PhD (Morri, 2017) 
thesis. Therefore, the RC potential lies precisely in its capacity to concretize operations destined to overcome 
the greatest challenges in the territorial and environmental field. It can become a catalyst to promote the 
implementation of district planning tools, in favour of better management of water resources and more 
efficient use of agriculture (Servadei, 2015) and, at the same time, to improve integrated actions related to 
the vast area planning. In several investigated cases, which are increasingly involving national and 
international territories, opportunities to promote practical actions for the development of the most 
disadvantaged territories through this tool are focused (Bastiani, 2011), with policies destined to Inner Areas 
and also to vulnerable environments as is the case of waterways enclosed in wetlands. Our project is related 
to the completion of the River Contract network of the Tiber River. The aim is to connect and make efficient 
the Tiber network from the point of view of the landscape management, from Umbertide to the river mouth, 
in order to create a "public use" network. To do this, it was elaborated the new proposal of the “Middle-Low 
Tiber River” Contract, in the stretch that goes from Fara Sabina to Castel Giubileo, in the Lazio Region in a 
part all included within the Province of Rome. This Inner Area is the only stretch uncovered by the River 
Contract of the Tiber River and that generates a break and a separation between the “Tevere umbro” (Tiber 
River along the Umbria Region) and the “Tevere romano” (Tiber River along the Rome area), thus losing the 
discourse of protection and valorization of river and landscape continuity. The project, in line with the 
current orientation of the territorial and landscape management, intends to remedy this separation. A 
reference RC planning model has only existed a few years, thanks to the push, the commitment and the 
researches carried out by the National River Contracts Table, born specifically in 2007 as working group of 
the Italian Local Coordination A21, with the objective to create a community able to exchange experiences 
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and promote river contracts in Italy. Because of this, in the legislative field, different laws aid to structure RC 
themes and process ensuring RCs planning status, from the European level to the regional one (in our case-
study the Lazio Region). At European level there are several directives related to the water framework 
safety. The first one is the Habitats Directive 92/43/EEC, that means "Safeguarding biodiversity through the 
conservation of natural habitats and wildlife in the European territory of the Member States to which the 
treaty applies" (European Commission, 1992). Then the Water Framework Directive 2000/60/EC has been 
elaborated to prevent qualitative and quantitative deterioration, to improve water status and ensure 
sustainable use, based on the long-term protection of available water resources (European Parliament and 
Council, 2000). The Flood risk Directive 2007/60/EC references to the identification of flood and risk areas, 
in accordance with common criteria and for the assessment and management of flood risks (European 
Parliament and Council, 2007). At the national level, in Italy, we find the already mentioned Legislative 
Decree No. 42/2004 which defines the principal environmental safeguard measures, as well as the Law No. 
14/2006 (Repubblica Italiana, 2006a). In order to attend the European directives, the D. Lgs 152/2006_art. 
68bis establishes national reference measure in the field of environmental impact assessment, soil defence 
and water protection, waste management, reduction of air pollution and compensation for environmental 
damage (Repubblica Italiana, 2006b). With the same aim, according to the European Flood Risk Directive, 
the national D. Lgs 49/2010 pursues on the assessment and management of flood risks. In the last few 
years, after several Italian river flooding, the need of common rules to preside over the river basins lead to 
define the above mentioned National River Contracts Charter which describes the River Contracts as "a 
process of negotiated and participatory programming aimed at the containment of eco-landscape 
degradation and the redevelopment of the territories of basins and hydrographic sub-basins" (Repubblica 
Italiana, 2010). Furthermore, the Law No. 221 (Repubblica Italiana, 2015) identifies RCs as "voluntary 
instruments of strategic planning and negotiation that pursue the protection, the correct management of 
water resources and the valorization of the river territories, together with the safeguard from the hydraulic 
risk, contributing to the local development of these areas, which contribute to the definition and 
implementation of district planning tools at the basin and watershed level" (art.43bis). Finally, thanks to the 
basic quality definitions and requirements of the River Contracts (Tavolo Nazionale dei Contratti di fiume, 
2015), the RCs has been defined as a support of the planning and/or action. At regional level the Resolution 
No. 42 (Regione Lazio, 2007) and the Resolution No. 787 (Regione Lazio, 2014) pursue the maintenance of 
the integrity of the water resource, compatibly with the uses of the resource itself and the socio-economic 
activities of Lazio people. They contain necessary measures for the qualitative and quantitative protection of 
river basins, in addition to the interventions aimed at ensuring the achievement and maintenance of the 
water system. Analyzing the current laws, River Contracts are intended, firstly, to help overcome the logic of 
the emergency to create, whereas, a synergy between urban, rural and natural context, integrating tangible 
and intangible actions for culture, quality of life, landscape and economy. The primary objective is to define 
environments related to water courses as ‘living landscapes’ (Jønch-Clausen & Fugl, 2001), so that they can 
be perceived and governed as such also into the urban dimension. 
2 THE TERRITORIAL CONTEST  
Our study area, of about 400 km2, runs for 23 Km from Fara Sabina to Castel Giubileo, but the analyzed 
river section is long about 40 Km. It includes 10 municipalities in the Province of Rome. The most important 
element is the Tiber River, which is perceived only as a negative element, because of its floods at the 
expense of urban living. In this regard, the little town of Monterotondo turns out to be the most affected, 
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presenting many critical issues. The proposal of the Middle-Low Tiber RC takes start, as for other cases in 
Italy, from the need of hydraulic safety. In this particular case, there is the need to restore relations that 
existed in the past (former brick kilns) and to bring the river back to its role of public space and “Itinerary of 
water and communication" (Provincia di Roma, 2010), now completely lost, but living in remembrance. A 
role that crosses and continues the relationship "history, culture and nature". The elements most in view, 
such as the agricultural areas along the irrigated valley of the Tiber, are the predominant character of the 
area and they have an important role for the production, care and use of landscape, for the traditional social 
structures maintenance, as well as for a multifunctional basis for other economic sectors (Cialdea, 2000, 
2012, 2017a, 2018; Cialdea & Badami, 2017; Cialdea & Maccarone, 2012; Cialdea & Mastronardi, 2014a and 
2014b, 2017a and 2017b; Cialdea et al., 2006; Ducci et al., 2017; Pindozzi et al., 2016). 
Then there are the industrial areas that are located close to the Tiber, its valley and the highway (Riano, 
Fiano Romano, Capena, Monterotondo, Montelibretti villages) and several protected areas. Other elements 
that are not valued are the research institutes of CREA and CNR and the recreation areas-Tiber Extreme 
Park, Salaria Sport Village, Lago La Barcaccia, CONI-Riano Sport Centre - which would instead bring the 
decisive impetus to safeguard the environment and the health of populations, favouring its careful utilization, 
but also to create the possibility to recover old paths, that can be restored as greenways to slow mobility 
and historical buildings along them can be used by a sustainable tourism (Cialdea, 2018; Cialdea & Cacucci, 
2017). The project is based on the valorization of all these values and this new network will be related to the 
other Tiber RCs stretches (Fig. 1) and recreational areas in terms of relapses on the urban environment: 
î the section from Umbertide- Città di Castello is covered by the Alta Umbria RC (2008) and it is 
characterized by some attractive elements: the Corbara Lake and the Alviano Lake, 500 hectares of 
humid environment that is a naturalistic oasis. This final stretch of the Tiber River in the Umbria 
Region, of about 50 km, constitutes the Tiber River Park. Several interventions and bike tracks were 
made in safety of the embankments (Umbertide); 
î the stretch from Città di Castello to Orte is characterized by the increase of the flow, after the 
confluence with the tributary Chiascio, the one with the Paglia River and especially after the confluence 
with the Nera River. Here we find the Paglia RC (2013), which at the height of Orvieto has allowed the 
creation of a river urban park and the Nera RC (2010), which aims to the valorization of the natural 
and historical environment; 
î the section Orte-Fara Sabina is covered by the Medium Valley Tiber RC (2012). Here the Tiber River 
receives the abundant waters of the Nera-Velino watercourses and borders Tuscia and Sabina, where 
the Treja, Amella first and the Farfa then flow in, alternating with ravines and sheltered areas. There is 
the “Fiasco” that you can admire from the alluvial terraces. Here we find the Treja Valley Regional Park 
and The Nazzano Natural Regional Reserve; 
î the stretch from Castel Giubileo to the Tiber mouth is covered by the proposal of the Tiber RC in the 
urban area of Rome (2017). In this area there are strong interaction between urban and natural 
textures. In addition, the river area is included as one of the strategic programming areas of the Rome 
Urban Master Plan. Tiber River receives the Aniene River for which the RC (2018) has been proposed. 
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Fig. 1 The stretches of the Tiber River from Nera tributary to the mouth (Source: Pianta del corso del Fiume Tevere, e sue adiacenze, 
dall'influenza del Nera fino al mare e profilo di livellazione il tutto fatto l'anno MDCCXLIV per comando di N.S. Papa Benedetto XIV 
felicemente regnante. Chiesa A., Gambarini B., Nolli C., Piranesi G.B. Roma, 1744) 
3 THE INTERPRETATIVE PROCESS MODEL 
In order to create and develop a reference model (Fig. 2) and to define a project that fits perfectly in the 
RCs puzzle in continuity of analytical and design logic, able to enhance all the values identified, our proposal 
has highlighted common tools, characteristics and peculiarities, actions and results of Tiber RCs.  
All the already implemented Tiber RCs have in common the training modalities of the process itself: which 
starts from the identification of the intervention area. Then there is the strategic agenda with the maps of 
actors, values, interests, projects, tools and resources. Then the process establishes aims and actions of the 
multidisciplinary relationships with actors. Everything is always discussed, spotted and shared on an active 
participation and dialogue of institutions, associations and citizens. The innovative feature of these processes 
is the choice to go in the direction of the horizontal subsidiarity because of the multi-sector, inter-scalar and 
multi-actor strategies that generate development, trying to take the environment and landscape as the basis 
on which to rebuild the quality of territory. Thus, the differentiation of territorial systems requires a system 
of flexible governance, capable of composing conflicts and interests at local level through negotiation 
processes, adhering to territorial vocations and able to make system by communicating the different 
programming tools of socio-economic interventions with those of territorial planning.  
4 APPLICATION THE CASE STUDY AND RESULTS 
Our project has been oriented to relate the cognitive analyses of the territorial context and the RCs common 
procedures, elaborating the maps of Values, Interests, Resources and Actors. The maps of Values, Interests 
and Resources (Fig. 3) have been articulated in the logic of the landscape urbanism networks, for which is 
always more evident that the new urban question is stronger and stronger related to the environmental 
safeguard and the re-signification of environmental elements for the urban project and its new urban 
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habitability to recycle the city through the water, the soil, the energy, blue and green networks (Gasparrini, 
2015). 
 
 
Fig. 2 The phases for the River Contracts development (Source: our elaboration, 2017) 
 
They are:  
î the Water Network. It provides the securing of the banks and embankments- especially in the section 
of Monterotondo Scalo-and the construction of docks for small boats, bridges connecting the two 
banks, works of re-naturalization, nature trails along the embankment. Moreover, it is hypothesized to 
restore the navigability of the Tiber River for this stretch, at least with small boats for the connection 
between the “Nazzano Tevere-Farfa” Regional Natural Reserve and the “Laghetti” Natural Monument in 
Monterotondo; 
î the Protected Areas Network. It includes the connection through pedestrian and naturalistic paths of 
the various reserves of the area, as the “Macchia di Gattaceca e Macchia del Barco” Regional Natural 
Reserve, the “Marcigliana” Regional Natural Reserve, the “Nomentum” Regional Natural Reserve, the 
“Laghetti” Natural Monument, the “Nazzano Tevere-Farf”a Regional Natural Reserve and the “Veio” 
Regional Park; 
î the Strategic Areas Network. All the research centres of CREA and CNR Laboratories and the industrial 
areas present in the territory are located. An internal connection to these centres is envisaged, almost 
to create a diffuse scientific park, as well as foresees the Provincial Plan of Rome in this area; 
î the Culture and Recreation Areas Network. This one intends to relate historical and architectural 
buildings creating a territorial museum network (Museums of Riano, Fiano Romano, Monterotondo, 
Mentana, Montelibretti), through integrated pedestrian pathways to public and private transport. 
Moreover, it provides the connection of the territorial sport centres of Riano, of Monterotondo and of 
Castel Giubileo; 
(QYLURPHQWDODQGWHUULWRULDOPRGHOOLQJ
IRUSODQQLQJDQGGHVLJQ
,6%1
'2,
)HGRD3UHVV
Landscapeurbanism’sinterpretativemodels.AnewvisionfortheTiberriver
63



î the Waste Areas Network. The study area is characterized by disused and abandoned areas and former 
quarries. particularly the Monterotondo Scalo former brick kilns and the Riano quarries. These 
constitute a strong degradation element, but at the same time a great opportunity for retraining, 
thanks to their historical testimony- within the urban or in the midst of protected environmental 
systems; 
î the Agricultural Areas Network. In the area, there are three predominant landscapes. The irrigated 
countryside landscape that is located in the Tiber Valley. The urbanized countryside landscape that is 
grafted in the municipal territory of Monterotondo, Mentana and Fontenuova and it presents a strong 
interaction between agrarian and urban matrix. This is a peculiarity of the place to be protected and 
valued. Then there is the rolling hills landscape which encloses ploughed fields, olive groves, orchards 
in large or medium sized meshes; 
î the Infrastructure Network. In this case, it is necessary to strengthen the railway line, the stations and 
the consular routes. The railway assumes a very important character: being a public transport, it allows 
to relate quickly the various points of interest in a direct way with the possibility to be integrated with 
the public motor-transport. 
 
              
Fig. 3 The Nature, Culture, Agriculture and Infrastructure Categories (Source: our elaboration, 2017) 
 
Thus, it had been possible to elaborate a map which represents the Masterplan of the Middle-Low Tiber 
River Contract (Fig. 4), where there are also our proposals for strategic local actions or suggestions for the 
projects to apply. The Actors' Map has been drawn up as a list of potentially involved subjects, to be 
questioned about their interest in the RC’s implementation. They are the municipalities of Monterotondo, 
Fara Sabina, Riano, Fiano Romano, Castelnuovo di Porto, Montelibretti, Capena, Mentana, Fontenuova, III-
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IV Municipi di Roma, the Tiber River Basin Authority, the Institute for Technologies Applied to Cultural 
Heritage (ITABC), MiBACT, the Archaeological Trust of Lazio and Southern Etruria, The Regional Natural 
Reserve of the Macchia di Gattaceca and Macchia del Barco, the Regional Natural Reserve of Marcigliana and 
the RomaNatura Regional Association, the Regional Natural Reserve of Nomentum, the Regional Natural 
Park of Veio, the Sabina by bike Association, the Tiber Extreme Park, the Monterotondo cultural associations, 
the Archeoclub d'italia-section Mentana-Monterotondo. The Tools and Resources’ Map establishes the RCs 
guidelines to be integrated with intervention programmes for local-scale projects. Consequently, the 
resources must be considered from time to time in relation to the local scale implication of public, private 
and entrepreneurial or community subjects. 
              
Fig. 4 The Masterplan of the proposed Middle-Low Tiber River Contract (Source: our elaboration, 2017) 
5 CONCLUDING REMARKS 
The strategy is to connect all the identified territorial values through the Tiber infrastructure, the Via Salaria 
and the railway. The Middle-Low Tiber River Contract assumes the dimension of Landscape Contract and 
that finds in each municipality its most complete and complex realization, that is the form of "urban" 
dimension. Actually, our proposal has defined the systematization of territorial data of values and interests 
(Tab. 1) elaborated through the territorial analyses. The data have been articulated by three macro-areas: 
Category, Network and Element, from the general group to the single point. Each one includes a 
classification of the environment through different level, according to the Italian legislative planning levels 
and the landscape set of features.  
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Tab. 1 Systematization of the territorial data, by categories, networks and elements. (Source: our elaboration, 2017) 
 
They are the basis for the realization of an evaluation system so to understand and identify the priorities of 
intervention. These are in development and they have as evaluation criterion a cross-reading of the interests 
of the stakeholders involved for each element.  
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The same evaluation can be further articulated, establishing for each element the possible scenarios, 
according to the existing regulations or the proposals made by the stakeholders themselves: each 
stakeholder can express his own degree of interest for each scenario. Finally, merging data we could define 
the optimal scenario.  
This process can also be done by simulation in laboratory, with the role play, but it is obvious that it lends 
itself much better to the application in reality. It represents a full aid for the systematization of the data in 
the “Partecipatory Perspective” of the River Contracts. So, at the time it was built a cognitive framework 
both of the criticalities and the environmental and landscape-territorial values, and of the local policies 
founding the strategies of intervention.  
The completion of the project requires to activate a working table with the participation of the involved 
actors to accomplish the next steps of the medium-term strategic scenarios definition, the evaluation 
protocol processing, the integrated management and action programmes proposal and the training, 
communication and education plans application. 
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ABSTRACT
The present study is designed by starting from a critical observation of all those places at the 
margins. These spaces are considered ‘space among things’, space that unites and at the same 
time divides and in the present scenario they escape from any deﬁ nition although their existence 
is certain as well as the political-territorial importance. The time of partitioning, ‘matchings’ 
‘overlapping’ exists. We could say then that ‘space among things’, borders generally turn out to 
be places where antinomies take on a concrete form that conquer Space, becoming characteristic 
places, peculiar binding places and at the same time elements of separation, closure and even 
openness toward the stranger. On the other hand, crossing the border does not imply elimination 
of it but rather its momentary transformation in open space, used, organized and abandoned. 
Living the ‘space in the middle’ means, living and building a third place whose center is within, 
where everything is confused, mixed, where it is difﬁ cult to distinguish what belongs on one 
side and what belongs to the other. The hypothesis then, is space redeﬁ nition, another form 
or better yet, abandoning the common idea of barrier, the possibility to plan a ﬂ exible system, 
changeable and dynamic, a ‘ﬁ lter space’, temporary, not continuous and fragmented within. The 
Land of the border becomes the Land where you are suspended in another dimension that ends 
up being a ‘ridiculous passageway’, where ‘misunderstanding’ dwells undisputed and very little 
is needed to have a conﬂ ict explode.
KEYWORDS
Globalization; Identity; Migration; Security; Territory; Walls
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1 INTRODUCTION  
According to Paul Valery, the time of the finished world has begun. Today we live in the era of partitioning, 
divisions, borders which testify mysterious, changeable realities, often inhabited by people ‘on hold’, by 
inspiring citizens, standing at the door, stuck in a parallel timeless world, far removed from any common 
definition and cognition. A world that declares to be a place of transition where a third space takes place, 
whose center is within, where everything gets confused, is mixed in a sort of return to the ‘initial chaos’, to a 
state with no primordial ‘measure’. That’s how the border lands are done, just so, ‘spaces between things’, 
spaces that unite and at the same time divide, spaces on the verge of exploding, that seem to have no 
definition accomplished, although their existence and importance are certain, since they have become 
increasingly ‘lands of mirage’, lands inhabited by people fleeing from war-torn countries, from the absolutist 
regimes, poor countries or victims that in some way use the conquered space in different ways and forms 
always oriented to favor a socio-political and cultural environmental change. Therefore, parallel to this multi-
facet reality the following affirmation of a topography of globalization, theorized as the overcoming of a 
border topography which on the contrary faces a world without borders, in fact confined, agreeing with the 
boundless immaterial, with the virtual movement advertised everywhere but that in any case of border 
materialism, that is, in the building of walls, finds the walls of the modern short circuit before the modern 
era. We actually witness the global wall, multiplied, an inner overlapping of a political-legal system of walls 
built to protect or to ‘conquer’, concrete walls and barbed wire, hypertechnological walls or sand and bins, 
walls collapsing and others under construction. Walls that cut States, territories and entire populations, 
implied by the very idea of globalization that includes in itself, since in its etymology, the risk of its owns 
perversion: to raise a front against an enemy that does not threaten any war, a front that, in practice, is 
used to keep watch on another entity. The same Herman Melville described that same monomaniacal need 
to impose a line, in this case the fluidity of the sea, beyond which is better not to go, a wall that Captain 
Ahab in Moby Dick acknowledged: "For me, the white whale is that wall, it was pushed next to me. 
Sometimes I think that there is nothing beyond. But for me it's enough "(Melville, 1987). The Captain, in his 
fatal conceit, identified in the sea the field of vengeance, a contained reality, a game in which the rules and 
regulations had to be respected; a size that if declined to the current political and territorial scene always 
takes different forms and always the same, but in any case willing to confront and clash between multitudes 
of people ‘travelling’.  Globalization, in fact, does not supply the comparison between societies and cultures, 
on the contrary, it becomes tyrant in choosing just one, simple, predominantly Western one, which indeed, 
imposes itself with a universal claim that brings hyper production and continuous alienation of every material 
or immaterial aspect. It supports human odyssey, which could be imperative for survival, a challenge, a 
different way of life inclined to find the ‘meaning’ of the limit, the ‘right fit’ as demonstrated, geo-politically 
speaking from the widespread construction of walls and barriers that guarantee variety and discontinuity, of 
continuous changes and adaptations, certainly disinterested toward an absolutist approval or widespread 
standardization. Well then, why is it that today, the walls, starting from those among the States and those 
among the rich neighbourhoods and the rest of the city, end up being tangible proof of the failure of a 
culture and modern society? The reason is obvious since they have been building walls as of ancient and 
medieval times, while, in the first years of modern age, at a topographical-political level, the idea of borders 
were favored as a border in an area shared by two parties. Obviously, the wall as a definition is not a 
conquered frontier but one of defense, and it does not acknowledge both parties but only the right of one: 
the one inside. One particular case is the Berlin wall where the logic of border is more present. The German 
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wall used to represent, in effect, a border even if not simply public, between two political and ideological 
orders which based their identity on contrast, taking one side or the other. Starting from the first wall 
erected in modern history we have had a world divided by barriers of barbed wire, or bricks and cement that 
testify just like the historic walls that they not only have not fallen but have increased after the Second 
World War (Fig. 1). 
 
Fig. 1 Walls in the world 
 
In particular, we can observe that in time, one of the most contested walls, often redesigned due to 
International pressure, is the Israel one, built in 2002 along the West Bank dividing a people and subtracting 
land illegally from the Palestinians. There are many other frontiers, starting from 1994 with 3.140 km of 
steel, cement, barbed wire always more fortified and military for the purpose of anti-immigration that 
separates the United States and Mexico, and the one that divides North and South Korea. We can also 
remember the barricade that divides Thailand from Malaysia, built to prevent Islamic terrorist from invading. 
There is also the electrified limit that runs along the frontier between Zimbawe e Botswana, in Africa. 
(Officially set up to block wild animals from passing from one place to the other, but actually to contain 
immigration in Botswana from refugees coming from Zimbawe). In addition, we have the 3.300 km wall built 
along the long frontier contested between India and Pakistan and not far from there the wall the 2.400 km 
wall which separates Pakistan from Afghanistan. There are also more than 4.000 kilometers of barbed wire 
which India is building to isolate Bangladesh while another barrier, of another nature is between Uzbekistan 
and Tagikistan, a limit equipped with sensors and video surveillance devices useful to prevent migrant 
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passage. The same exists between Yemen and Saudi Arabia as well as the one between Oman and United 
Arabs Emirates where there is a cement frontier like between Kuwait and Iraq (215 km, reinforced after the 
Gulf war) and also Turkey and Cyprus, in this case a limit necessary to delimit the territories claimed by 
Ankara. In the Mediterranean basin there is the well know electrified Spanish barrier built to mark the 
borders between the Spanish enclave of Ceuta and Morocco, a territory which politically belongs to the first 
but geographically to the latter, actually, marking ideally the impassable line of division, between Africa and 
Europe. Therefore, the material borders that divide the world are many, set up for many different reasons 
but with the aim to divide, isolate, just like in Brazil where there are many ‘walled communities’ or even 
better where a wall does not become a prison but a protection. One can say that this political-geographical 
scenario is slowly delineating a bit everywhere. Therefore, walls that are more or less known, more or less 
long, more or less military style, passed or present, built for different reasons but all have in common one 
thing: the fear and inability of finding solutions. In his film, Il passo sospeso della cicogna, 1991 Theo 
Angelopoulos, had one of his characters say: “Do you know  what a frontier is?... if I take another step I am 
something else; I am dead” (Fig. 2). 
Fig. 2 Country that built the Wall 
2 GIVING ROOM TO MISUNDERSTANDING  
It is true that walls separate but they are never eternal. Walls are needed only to waste time and as the 
historian Frederick Taylor affirmed concerning the Berlin wall: "You can stop people, you can set limits but 
they will always find a way. Walls show politicians have ended their ideas concerning what to do in a difficult 
situation, not being able to find an alternative". It is about the lesser evil needed to demonstrate for 
example the past Serbian Bosniac conflict that we might call a ‘trench’ warfare, a conflict of search for 
space, that is, a conflict caused by chaos, by forced cohabitation, lack of land organization whose main 
objective was the conquest of space, limited space. We read in effect: “The frontier does not isolate, it 
filters. Frontiers no matter how arbitrary, they are essential to find again the necessary identity to exchange 
with the other […]there is no democracy without capacity on the part of the citizens to give each other 
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limits” (Latouche, 2012). Therefore, in this game of land partitioning (more or less intricate and complex) 
why not go beyond, violating the wall and hypothesing a plan of space redefinition, a different form, far 
from the idea of barrier, of physical line? The idea is a flexible system, absolutely changeable and dynamic. 
Actually a space as a temporary filter, non continuous, fragmented in parts where the overlapping, 
antynomics take concrete form in order to conquer space the ‘right measure’, become recognizable, places 
taken out of any common definition and cognition but identifiable as spaces from changeable property. The 
border becomes an element that separates and to overpass it does not mean to negate its presence but 
rather its momentary transformation in open space, crossed space. In this anomalous condition the border 
takes on a varying importance, a different weight in time and space to the point of breaking up or even 
dissolving. In the end, the boundary becomes terra vague where time dilates and without contrast, 
‘misunderstanding’ dwells, very little is needed for a conflict to break out or a misunderstanding and the 
chaos that reigns represents the main reason, the peculiar character from which to start, from which to put 
forward other realities. So the ‘wild land’ takes place where everyone thinks of himself and everything 
becomes possible between the cracks of the violated boarder transforming into ‘no man’s land’ and as 
Claudio Magris said: “[…] camp out or settle in the promised land or at least in the desert in order to reach it 
[…]”. (Magris, 1986). It is then worthwhile that this complex reality, directed to the masses, to disorder, 
finds a solution, and can be compared to the desert, always, considered an element of separation between 
fertile realities, inhabited by nomadic populations which have continuously passed with their caravans and 
according to other prospective, they consider border land the one that is commonly controller and inhabited. 
Another perspective is suggested in such a way as to speculate in the analysis of the contemporary urban 
scenario, staying at the limits as arbitrary, a questionable environmental performance, more or less sudden, 
more or less violent, more or less coherent to the same social, political, cultural order that faces, in civil 
administrative relationships, a continuous adaptation only because being a foreigner, as Simel used to say: 
“means that the subject far away is close” (Simmel, 1989) that is, that every time a foreigner arrives at a 
state of disorientation not only civil but also in terms of space. The reason for this intrusion is a sharing of 
spaces that need some kind of organizational form and re-measuring. There is a need of a transition 
threshold since migration in any case always implies a certain civil and territorial turmoil, a place that for 
geographical or fundamental reasons becomes an opportunity for a meeting. We can then say that the 
space in the borders is practically a ‘narrative beginning’ that is a place animated by fantastic feelings, of 
hope and possibilities all to discover. An organized space, often with urban traits, a sort of city we can say ‘a 
border city’, as Despina was: a city between two deserts, a city as a Italo Calvino wrote in his work The 
invisible cities: “The city appears to be different to those that come by land and to those that come by sea 
[…]Every city receives its form from the desert it opposes; and so the camel driver and the sailor see 
Despina, a city of borders between two deserts” (Calvino, 1977). Despina seemed to be a, ‘mirage city’, ‘a 
deserted city’ one that did not belong to one part or the other; a city that went against both, that remained 
free becoming an active membrane, a meeting place between people of the sea and of the land. Despina 
revealed itself as a changing urban system according to where the traveler was coming from and so a 
tangible proof of the territorial complexity: changeable according to the point of view, from where one was 
coming. Therefore, the sense of such a barrier, if real, becomes not only a widened space but also a tool to 
guaranteed confrontation, between people and culture. Just like Kevin Lynch suggested in The Possible City: 
“New cities that could be built for political reasons, just like the past…Urgan regions that could be founded 
deliberately between borders, where relationships are reasonably friendly, or as buffer zones 
internationalized between nations in conflict” (Lynch, 1968). In the present scenario a useful example could 
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be the city of Panmunjom which actually declares itself as a point of contact between two worlds, one as 
‘Lando of peace’ as the south Korean architect Kwaak Young-hoon design suggested proposing a great park 
with the purpose of designing Mount Sorak (South) and Mount Kumgang (Nord) in order to make them 
become symbols of the reunification of a Land notoriously in war and that even today reveals is inhabited by 
soldiers, suspended in a state of attack and one of defense. The project at the moment is only a utopia but 
the way is correct. It’s a question of time. In the end, only through a fusions of horizons (or at least 
according to the  term used by Hans Gadamer) can mutual understanding occur: cognitive horizons able to 
breach the wall, going beyond the political-territorial divisions which have always existed, in fact, a world 
which is sort of more or less fortified bulwark, more or less impregnable so to suggest 'border worlds' that 
are 'city', 'reality in between' as Lynch said. 
3 CRIMEN TERMINI AMOTI  
Has the contemporary society deleted like in the Faust legend all its limits or has it simply moved them 
forward? Has the contemporary society marginalized, sometimes replicated, violently claimed and even 
strengthened its limits? In fact, in the current scenario, new, visible and invisible, walls, that establish 
stringent exclusion and inclusion criteria have been erected to separate individuals and peoples, although 
sciences and techniques seem, paradoxically, to cancel all both spatial and temporal limits. This could be 
interpreted as an implicit declaration of surrender, of 'impossible global ', of never realized promise, as if we 
said that world only virtually and potentially 'borders' but, in truth, it fragments and closes more and more. 
However, to what extent do we live a global reality with blurred or even non-existent boundaries? In front of 
such a discordance is necessary to re-think the idea of limits whose knowledge has been partially lost, but 
that, in any time and space, claims a specific recognition and identification. Moreover, since Aristotle, only 
what was done and provided with edges and contours was considered important and examined. Perfection 
was: to have a limit (peras). The infinite (apeiron) was a negative concept, synonymous of amorphous, 
confused, incomplete, vague. In order, to understand the limit, it was necessary to know both sides. Thanks 
to Giordano Bruno, philosopher par excellence of the “going beyond”, of the “violating all limits”, an idea of 
cosmos with no center and no periphery was formed, the problem of ‘on this side and of on the other side’ 
was circumvent and therefore the barriers of universe fell and consequently the plurality of worlds was 
accepted and a feeling of freedom and independence was conquered. Well, what it is today the prospect, 
what are the aims of the modern soul if the Baudelaire defined it: “Notre âme est un trois-mâts cherchant 
son Icarie”. In response it could be said that a world from which we start and never arrive arises. This is a 
boundless world, a global world that involves sometimes the destruction of all barriers and sometimes 
pushes the closure of fear (of which warned Bauman) or for defense. It is appropriate to ask, then, how, 
today, it is possible to find the right balance between: private dimension, which inevitably tends to form a 
'Ptolemaic' order with the self in the center, and the public, more open able to cope with differences 
dimension. What will be the next geographical map, how many colors will highlight the national, continental 
borders? So what will be the 'measure' of the real world, such as physical boundaries, such as the walls that 
divide the world? You could say crimen termini amoti, although the boundaries of states and nations, in the 
name of treaties, international agreements, do increasingly blurred, provisional, they move with the subjects 
in the same horizon, closed to be opened, made to be violated. Perhaps this is just the first sense of 
progress, it is understood as a transgression, excess or abuse of power, in a word: hybrids, a going beyond, 
a continuous flow, a peaceful invasion, a proceed very different from the principle of good conduct 
suggested by Orazio: “There is a measure in the things, there are clear boundaries beyond which and before 
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which it can no to be the right." Therefore what meaning and value have now the territorial and spatial 
limits? Why those lines are obstinately reformed? What thickness, what organization will have inhabited 
borders? In fact, there are many walls that still resist, each with their history, their contradictions, their 
reasons that 'justify' their existence. Just think that concrete lines extend in different parts of the world with 
a total length of 18000 km. The global list of walls is very long. This demonstrates that after the sad season 
of World Wars the barriers are not only stable, but even increased. Indeed much divisions has been made in 
last decades. From the map of Eric Mottet is calculate about: 11 Walls built between 1947 and 1991; 7 built 
between 1991 and 2001; 22 walls between 2001 and 2009; 11 walls between 2010 and 2015.  Therefore, 
we can not consider the walls a matter over, gone. Borders and walls may be needed and necessary. Not 
only at institutional level but also cognitive. They determine who and what is In and who Out, all indicate: 
'who is beyond the wall': the enemy, the monster, the criminal... and in the world they are needed as 
geography and maps, they are useful to guide us, tell the political changes, environmental and reflect the 
changes in the distribution and organization of power on the basis territorial. However, the current 
disorientation reveals the decline and, in some cases, the total negation of the landmarks, the identity 
values, history and social culture. So, the sudden and violent transformation of the idea of limens, as it was 
in the Roman Empire, has gone shattering in the Wall or rather in the construction of physical barriers, in 
barbed wire or in concrete un-matching. In fact while our 'World' has become increasingly large and 
increasingly closer, the Territory has ended up dividing and closing, as a Anthony Giddens’ definition reminds 
us: "Globalization looms over us in a space-time stretching" or rather, it appears the end of the common 
space-time relationship because the overrunning is usual, everything that happens in a place, even far away, 
can have immediate repercussions 'here and now'. In this instant. Not only because everything is reproduced 
and amplified by the media, in real time, but also because the infrastructure have become faster and more 
direct. Therefore, the idea of limens falls, the boundaries have no identity value and they can no longer 
defend us, but we still feel the need of them: to organize our lives, to feel part of a culture, to feel secure, to 
get an idea of control and corporate governance. Therefore we need order, maps to guide us. Although the 
global world tends to deny it, the constant migration of people shows a multiplication of walls and borders. 
Recently, in particular after 1991, and especially in Europe and Eurasia, 27000 kilometers of new borders 
have been drawn while new walls rise everywhere. Only between 2009 and 2010 Michel Foucher had 
estimated 26 cases of cross-border conflicts, despite anthropologists as Francesco Remotti or 
representatives of inflexible international thinking discourage any distinction and deny any barrier, looking 
forward to a global world. A world crossed, inhabited by people in travel, habitués of non-places as airports, 
stations, ports. People want physical barriers in order to fence off identities and territories. In opposition to 
this dominant and hegemonic thought we could say that rather than globalization should say like Verdi: "Go 
back to the old and will be progress!". The project of all those places that, on limit, become transit spaces 
and even stopping, meeting, in the current landscape conquer a constitutive value since locus, as an 
opportunity for contact and also crossing. So, this is a promise of the formal, tactile, sensory quality testing, 
of the border lands that, as on limit, conquer thickness and social and environmental value. In border lands 
we experience more and more nomadic conditions, temporary and therefore ready to comparison actions, 
open to diversity, devised to be explored from the inside instead used from distance. We can foresee a 
'mirage Earth', a 'Borderland', an 'online Earth' that as a road: at the same time unites and divides worlds 
more or less similar, worlds more or less in agreement, worlds that along the border tell different stories in 
which paradoxical situations take form. So, neither city nor country, like a river that divides territories, that 
continuously changes, beyond which 'multiply signs of ancient and daily floods', whose inhabitants are no 
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citizens or refugees but only ‘border people’. They are condemned to movement or standing still, poised 
between memory and hope. Therefore places become like 'impossible towns', spontaneously inhabited, 
overflowing of a responsibility to remember identity left and not yet forgotten, full of provocations due to 
need of territorial and institutional control. As well as places are recognized: Earth ready to a strange 
marriage between what end and what born again in a continuous shuffling of time and space, of plans and 
controls. In other words, to inhabit Middle-earth means to float in an eternal passage, we never know where 
we are exactly; a kind of allegory perpetually open on the unexpected where, sometimes, everything seems 
prepared, adjusted but in conflict with non-measurable events of the customs. The impression is that the 
systemic and orderly plane imposed by Countries and United Nations seems to be inappropriate, discordant 
to emigrant’ life who lives 'the wait'. Perhaps the aspect that is most curious, in fact, is the rigid schedule of 
inhabited spaces that ultimately transforms a place, that is thought to be crossed, in an uninhabitable desert 
where rampant disorder and compulsive hack prevail. Therefore, it is necessary to find, among the large 
mesh of the general structure of the border areas, the way to 'escape', to reinterpret, to manifest the habits 
and traditions of those who lives there, to protect the people identity and to denounce the excess 
programming such as tragic limit of planned system. However, anything can happen in a hypothetical 
meeting on the border in which we envisage a game made by a potentially infinite number of rules. 
Therefore, places that have other places in them, confined spaces, blocks, composed of discontinuity points 
as they were: prisons, barracks... but still regulated by an orchestration of contacts and cross-contamination. 
In short, in the 'mirage Earth', in the ' impossible cities' everyone can have the form in an implicit 
surrounding declaration and of impossibility and the orders of a despotic architecture can offer to the Lands 
of arrivals and of departures a sacredness aura, a kind of modern sanctuary, a dimension suspended like a 
promise no maintained, an intention due to remain such. In other words, the places where mixed, became 
'kaleidoscopic', constantly negotiated, changing and elusive where, tumultuously, add up and cancel out the 
most different contradictory feelings, the most controversial, indecipherable signs of multitudes that moves 
from point to point, no longer perceiving the space changes and the distances quickly crossed, perceived 
only as pause, a moment, a suspended vacuum, willing to give shape to continuous, inform and labyrinthine 
realities where there is no demarcation and there is no center, where we can open imaginary spaces, dream 
spaces that, in truth, become interrupted areas, border areas, opposing areas ordered to hold together an 
antinomic state of universe that struggles in the conflict between 'virtually global world and real barricaded 
world. As if we find ourselves at the boundaries of the planet, on the brink of an' underworld ', on the run 
from the system of limits against which, however, often we encounter and where the ‘tomorrow city’ takes 
shape. What is the promise in the dizzying game that, in the time, becomes more articulate and with the 
gradually growing web, that connects all the elements, gives shape to a reality in which we find ourselves 
not as the spider that created it but the imprisoned prey? Evidently the Borderlands, suspended in an aerial 
condition, nebula, where everything is intersected and exchanged, in a pilgrimage of people whose 
prospects are tricky and of difficult temporal and spatial ordering, they assume variable thickness, they 
become receptacle of contradictions, and even of ephemeral architecture, precarious and often unusual, 
without any value. How architectural design can establish a relationship with the marginal reality, contested 
by most identity forces and also by different temporal meanings it is still to be seen. At times, an 
architecture is revealed that shows authentic social identity, intended not as usual but as surprise, warning 
of common dynamics that to the limit get complex, reason for conflict. Therefore architecture depending on 
the connections, on expressive harmonies able to communicate the sense of necessity of logical forms 
indicating the real that becomes an inexhaustible source of knowledge that is a place of discovery and 
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fascination in which, through the imagination that allows you to go beyond the appearance of things, it is 
possible to establish formal analogies between worlds and different cognitive processes. Imagination not of 
foreign worlds but of a world in which, about our lives, the meanings are revealed in order to delineate a 
boundary space that represents reality and its meanings, not as 'line' but project done according to a 
prediction logic, a projection of future planning. So, a world is advancing with rhizomatous evolution like 
explained by Beleuze and Guattari in Mille piani. An idea of multiplicity not as an adjective but as a noun (to 
be of multiplicity) in which the 'rhizome' structure becomes decentralized configurations where each part can 
be connected to another without go through significant points, as the infrastructure network or even the 
virtual system of global contacts. In other words ‘rhizome’ as reticular organization in a community in which 
we find culture and knowledge and that is the basis of nomadic thinking done by intersections and 
juxtapositions. In short: not line but project in which root and rhizome are not given only once but have to 
do in a perpetual procedural contingency. We could say a becoming that is a line and not just a point, a 
tension-space: 'between' and not 'from-to'. The important is the process. In the states of things we do not 
know about alternatives between forms but with mixed states in contact with each other and so it is starting 
from this idea of 'network' that takes forms a territoriality as de-localization respect to which it is possible to 
hypothesize a decoding dynamic, a sort of re-territorialization that is inhabited by relocation instances. So, 
de-localization can be understood as a principle of procedural openness but which, in absolute terms, is free 
from any partial re-territorialization to have, instead, a more general ‘profile’. A complex world is coming in 
which the territorial closures with their claustrophobic and repressive aspect represents the common 
condition and the absolute relocation that is the responsible of scenarios that, although different, have to 
reveal their selves disturbing, and, today, in doubt, confused, indeterminate even if real. Moreover, every 
social group consists of fixed parts and other in moving that escape and sometimes 'clash' on the ‘door’ of 
other States, Nations that operate in 'binary encoding': In or Out so to slow down, stiffen the migrations in 
'temporary structures' and so determining an uncertain and controversial territorial reconfiguration. The 
problem is certainly not to sustain the spatial closing neither the segmental, temporary relocation but rather 
a plane to favor orchestration processes between closed systems and spatial and cultural reconfiguration 
processes. It is supposed, as seen before, the approval of the 'misunderstanding', the 'gap' that activates 
new possibilities, that frees, connects different realities so to combine different environmental 'segments' 
and to amplify regional potential. Then we stay in opposition to the Hegelian dialectic that makes uniform 
the richness of the differences in the binary code of the oppositions, that stifles the event, that subordinates 
the affirmation to the negation, to support, instead, a design methodology able to sound the polyphony of 
the differences freeing from uniform of permutations of the Hegelian dialectic and, like the Foucault’ (1985) 
analytics, to locate a macrophysics of power that acts as an instance of stabilizing and ordering of flows, 
relationships and multiple formations. Well, the spatial reality that, in different way and forms take shape 
along the boundary lines could be said multiple in which the project of ground becomes base of this 
occupation, of this apparent contradiction between nomadic and stable, and where there is a new map of 
the delocalized space that increasingly requires of a design thinking that sometimes becomes 'hard' and 
sometimes 'elastic', sometimes 'insurmountable' and sometimes 'flexible' ... in short, it aware of a global, 
unlimited world but also fragmented, interrupted and fenced world. Therefore, it is right now that a new 
perspective takes form, a modern vision that outlines the contours of the marginal spaces as chaotic reality 
of suffering and devastation in which there are, however, small oasis of tranquillity like it was the 
'Lazzaretto' described by Manzoni: a kind of representation of the city in the city as a paradoxical form of 
'positive heterotopia' or rather a hell that reveals glimpses of the future. We might say a 'bubble of 
77 
 
 
 
(QYLURPHQWDODQGWHUULWRULDOPRGHOOLQJ
IRUSODQQLQJDQGGHVLJQ
,6%1
'2,
)HGRD3UHVV
S. Dalzero 
 
civilization', where everything is so agitated as in a fantastic acceleration of time that allows the coexistence 
of opposites unthinkable elsewhere, a receptacle for multitudes ordered to a despotic system and mindful, 
however, of a cultural, environment value to respect and preserve. It goes delineating 'Beyond the Wall': a 
radical way of making underlying to the relationships that connect alternative ways, a provocative vision as a 
provocation to regulatory and standardizing thinking. Moreover, since Antonio Sant'Elia’ unrealized visions of 
the New Town, Yona Friedman's Ville Spatiale, Constant Nieuwenhuys’ New Babylon, to the avant-garde 
provocation of Archigram’ Plug-In City, The Continuous Monument of Superstudio, and No-Stop-City of 
Archizoom and much else, a compositional, active and reactive thinking is confirmed that can give shape to 
a complex urban dimension, in constant metamorphosis, a city  made up of multitudes of hybrid spaces in 
which divergent ways to do and to think architecture collide and transform. A discussion takes form that can 
reformulate, rethink alternative models of 'living', not only dictated by aesthetic trends or talent of a 
particular architect, but by the coordination or lack of coordination, by indifference and simple randomness 
of rules, of interests, of economies and of policies. The result is a way to compose that answers to more 
dimensions in a same time, organized to integrate various sectors instead to choose one or another and to 
tell the sharing, to integrate the pragmatic with the existential, the relevance with boldness, the creativity 
with common sense. The end of this reflection is Ludwig Feurbach’ text taken from the Contribution to the 
Critique of Hegel's philosophy: "The God Terminus stands at the entrance of the world. Self-limitation: this is 
the condition of entry. Nothing is accomplished without realizing oneself as a determined being. The species 
in its fullest incarnation in a unique individuality will be an absolute miracle, an arbitrary suppression of all 
laws, of all principles of reality. It will be, in fact, the end of the world". 
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ABSTRACT
The topic of local development, and in particular of its spatial components, nowadays seems to 
have become secondary in the planner’s agenda. The phenomenon of metropolisation has in fact 
assumed dimensions not foreseen by planning, which, despite the continuity and homogeneity 
of the processes, has almost completely outclassed that of territorialization. With respect to 
this, traditional planning has not elaborated instruments capable of interpreting and governing 
the processes of meta-formation of the territory and of landscapes. An attempt was made 
by a research of the University of L’Aquila which used an original model of interpretation and 
governance of the spatial development processes called “Territorial Frames” (TFs), that deals 
with some issues related to the development of the European space and its territories, with 
particular reference to equity development, balance of resources, efﬁ ciency of settlement and 
mobility systems and integration of strategies and projects between different regions. These are 
issues that do not seem to be resolved only by the polycentric model referred to the European 
policies.
The research presented is developed in three phases: (1) the deﬁ nition of TFs at different scales, 
European, national and local; (2) the integration of the TFs model with the macroregional one 
at european and national scales; (3) the application at regional/local scale of the integrated TFs 
for new cross-scale development processes. This article presents the ﬁ rst results of this phases, 
with a local case and particular reference to the TFs of the inner areas of central Italy.
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1 INTRODUCTION  
The topic of spatial development of the European context and its territories, is at the center of a University 
of L'Aquila research entitled "Project of the post-urban forms, the sphere of the plan". This research 
introduces an original interpretative model of the European space named "Territorial Frames – TFs" (Di 
Ludovico & D’Ovidio, 2017), oriented towards the equity of development, the balance of resources, the 
efficiency of settlement and infrastructural systems, as well as the integration of strategies and projects 
between different regions (coordination/co-planning) (Hall, 2016), but mainly oriented to provide a basis for 
reintroduce the spatial planning today in crisis (Faludi, 2010). The research also concerns the criticalities not 
sufficiently addressed by the Polycentric model (ESPON, 2005), the guiding principle of the EU territorial 
policies, too focused on cities and networks neglecting the interlocked territories and in particular the 
weakest and most critical areas (local contexts/crisis areas) in which resources are struggling to reach (Act, 
2013). The aim is to overcome the pan-European vision derived from the different models proposed by the 
literature on European trends in the last decades based on the ESDP, such as the Blue Banana and the 
Bunch of grapes, very suggestive from the point of view of interpretation but actually not very effective in 
terms of the cross-scale integration of policies and territories, and in particular for the development of 
spatial policies. 
The TFS model addresses these issues, composing an interpretation of the European space, but also national 
and local, consisting of a territorial mesh on which to base policies for a new process of spatial planning 
based on the macroregional development (Macroregion is considered the governance reference of TFs-based 
strategic projects). The Italian Ministry of Infrastructure and Transport and the Abruzzo Region (IT) have 
already addressed these issues within a study named “Territory Project ‘Joint 2’ Abruzzo” (RegAbr, 2015) in 
which this new model of spatial interpretation (TFs) was proposed at the national level, large infrastructural 
quadrangles identified in the context of Median Macroregion – Central Italy (Di Ludovico & Properzi, 2012; Di 
Ludovico & Properzi 2015; Di Ludovico et al., 2014), characterized by differentiated settlement fabrics, 
amorphous products of the post-industrial era and variously composed (residential, industrial, commercial, 
agricultural, etc.). TFs can be considered a connective mesh with an autonomous and often diversified 
dimension and structure, which can recompose these fabrics. 
The research is based on the sequential articulation of three working steps: 
î the definition of TFs at different scales, European, national and local; 
î the integration of the TFs model with the macroregional one at European and national scales; 
î the application at regional/local scale of the integrated TFs for new cross-scale development processes. 
This is a declinable approach both to the scale of European Macroregion and of National Macroregion, in 
which TFs assume a spatial role with variable geometry and proportionate according to the reference scale, 
with an increasingly thick and minute mesh to intercept the “local” territories and to fully exploit the 
opportunities derived from the “global” territories. 
The research is now in the phase of deepening TFs, verification of their configuration and performance in 
terms of transport data and in relation to the theme of Digital Frames (DFs), as well as a first verification of 
the proposed spatial planning model. The aim of the research is to resume the theme of spatial planning, 
through a new cross-scale interpretative model oriented towards territorial integration, to Glocalization 
(Bauman, 1998) and to the valorisation/development of inner areas in a global context. 
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2 THE MODEL OF TERRITORIAL FRAMES: FROM THE TERRITORY TO THE LOCAL 
Spatial planning finds its direction in the assumptions dictated by the EU, substantiated on the one hand by 
the polycentric model and on the other by the different models proposed by the literature on European 
trends, as the aforementioned examples of the “Blue Banana”, “Bunch of Grapes”, “European Pentagon”, 
“Red Octopus”, etc. Although they are very seductive interpretation models, in the territorial planning 
practice they have not significantly contributed to the polycentrism development and to the promotion of 
European spatial planning, but rather they favoured the development of the debate on the European Spatial 
Development model. On the basis of these experiences, the University of L'Aquila research proposes a new 
interpretative model of the European area which first of all pursues the aim of a new European and national 
space planning season. This model, which we define “Territorial Frames” – TFs, is based on some 
methodological principles: 
î the European polycentrism recognition and its evolution towards integrated networks of cities of a 
horizontal type (Camagni, 2017); 
î the “spatial mesh” definition, determinate from TFs configuration, as a reference for territorial/spatial 
components (settlement, productive areas, agricultural areas, natural areas, landscapes, etc.); 
î the cross-scale model definition, applicable both at European/global level and at local level (Kidd & 
Shaw, 2013), pursuing the strategy of variable geometry of "space meshes"; 
î the "spatial mesh" integration with a cohesive governance system, such as that of the Macroregion 
(EU, 2009), which is also applicable to the different reference scales. 
2.1 THE TERRITORIAL FRAMES – TFS AND THE MACROREGIONS 
TFs are infrastructural quadrangles whose sides are made up of the main European multimodal transport 
corridors, characterized by their completeness/incompleteness and on which flows of the freight and people 
are moved, but also flows of Digital information. Along these branches and their vertex are generally the 
main urban and productive agglomerations, the most important European cities, the main digital hubs 
(D’Ovidio et al., 2016). In our model, TFs, with their autonomous and often diversified size and structure, 
constitute the main recomposing “spatial mesh” of settlement systems and their post-urban/post-industrial 
forms (Choay, 1992), which spatial planning failed to govern by returning often amorphous settlements. 
Quadrangles are therefore space tiles (TFs) that contain large and small urban areas, more or less important 
productive areas, natural reservoirs or large agricultural production areas. Its branches (corridors) may also 
be affected by settlement (residential or productive) developments, either linear or polarized. 
Fig. 1 on the left shows the configuration, first approximation, of European TFS (ETFs), to the right of Italian 
TFS (NTFs). In the latter, the branches of TFs are represented with a different thickness depending on the 
belonging to the ETFs (more often) or NTFs (less often). The research has differentiated these branches also 
according to their “completeness” (complete or incomplete infrastructural corridors) and the flows of the 
freight transport. 
In the research, have been analyzed the frames that determine TFs in relation to their main components 
(settlements, productive areas, agricultural areas, natural areas, GDP, population, accessibility, etc.) and 
classified with two synthetic indicators, one of the physical components and the other of socio-economic 
components. These analyses were then used to define strategic projects for territorial development, which 
are now only experienced at local level (§3) contextualized in a new area of governance, where such 
strategic projects are shared by several regions, that is the Macroregion of the European type. This is an 
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aggregation of regions that comes bottom-up and where common challenges are pursued. The meaning of 
the macroregional strategies is to seize those aggregates of economic-productive and social nature, that can 
be together, without necessarily having to create a new institutional entity that is added to the existing one 
(EU, 2009). The new European Macroregion with their innovative features are considered examples of 
territorial governance in which it is possible to experience spatial planning actions based on the development 
of TFs, which address the dualisms space/territory and territory/policies. 
 
  
Fig. 1 The configuration of the European TFs (ETFs) (left) andthe configuration of the Italian TFs (NTFs) (right)  
(Source: Benedetta Di Giacobbe) 
 
Fig. 2 represents an overlap between the ETFs with the perimeters of two (Adriatic-Ionian and Alpine) of the 
four European Macroregion now activated (in addition to the previous ones, the Baltic Sea and the Danube). 
In both cases it occurs that the ETFs are generally incomplete, critical issue that determines a structural 
weakness, in connective terms, of the Macroregion. In general, even according to the synthetic indicators, 
we are faced with a very strong Alpine Macroregion from the socio-economic point of view and a Adriatrico-
ionic Macroregion (which partially coincides with the first) weak in which there is also absence of ETFs on 
the Adriatic area. The other two Macroregion, Danube and Baltic Sea, have instead a strong environmental 
and agricultural propensity, potential that can be developed also through the strengthening/completion of 
TFs and their components and therefore of the connective mesh linking these Macroregions to the local 
territories of the whole of Europe. These preliminary reflections, essentially show that we are faced with a 
macroregionalism without a spatial reference framework that can instead be implemented, albeit from the 
bottom, using TFs as a spatial mesh, the base of the spatial policies. TFs is therefore the reference that can 
help implement sustainable macroregional and local development projects (cross-scalar), tailored to the 
territorial capabilities described by performance-oriented indicators. 
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Fig. 2 ETFs and the Alpine Macroregion (left) and the Adriatic-Ionian Macroregion (right) (Source: Benedetta Di Giacobbe)  
3 LOCAL TFS. THE INNER AREAS OF MEDIAN ITALY 
The TFS + Macroregion model, both nationally and locally, was subjected to a first experimental test in the 
“Territory Project ‘Joint 2’ Abruzzo” (RegAbr, 2015) study already referred. In particular, the study, oriented 
towards the construction of a localized partnership in the so-called “Median Italy” (central Italy), had the 
objective of building common development projects with particular attention to the most in crisis inner areas 
(Act, 2013). In this case, it has been positively tested the opportunity to build a Macroregion (ant its 
partnership), the Median Macroregion (Fig. 3 on the left) (Di Ludovico & Properzi, 2015), and the 
opportunity to prepare territorial/spatial development projects based on TFs at national level – NTFs and 
local (Di Ludovico & Properzi, 2015; Di Ludovico et al., 2015). 
Even these frames of national and local level, as for the European ones, were characterized through the 
synthetic indicators of the physical and socio-economic components, clearly showing the division between 
northern Italy, with strong industrial connotation, and southern Italy, with a naturalistic-environmental and 
agricultural connotation. These indicators were used as a design tool to define strategies to increase the 
performance of TFs and their components. 
The identification of NTFs within the Median Macroregion has highlighted frames often incomplete, in 
particular in the south, derived from infrastructural deficits that isolated and marginalized the more 
decentralized and weak territories that were consequently left out from the development processes that 
have been concentrated around the big cities, from the metropolitan ones to the global ones (Taylor, 2004) 
and in the more accessible and competitive territories. In the vertices of NTFs there are often historical 
settlements and middle-level cities (Properzi, 2016) or metropolitan, which are then the urban poles in which 
the services of higher and rare level are concentrated. The connective branches of NTFs were sometimes 
affected by a post-industrial development for linear diffusion, with an essentially productive characterization 
(industrial areas) and commercial. Within the quadrangles of NTFs there are often agricultural activities, 
scattered settlements, historical villages, and also naturalistic areas and landscapes of great value. 
In Fig. 4, on the right is a project process based on the development of local NTFs "Pescara-Teramo-
L'Aquila-Avezzano-Sulmona" and its components as described above. It is a quadrangle that embraces an 
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area that goes from the Adriatic coast to the Gran Sasso mountain, affecting one of the weakest and in crisis 
inner areas of the Median Macroregion.  
The strategic project connected to this local NTFs, including those of the strategic framework of the 
aforesaid Macroregion, is spread over 3 axes: 
î the Territorial Frames: completeness, strengthening, connection (with Europe and the internal of TFS); 
î settlement development, local identity, research and innovation (with a focus on the earthquake area 
2009 and 2016); 
î enhancement of natural, cultural, landscape and tourism resources. 
These three project axes are first of all based on the development and completion of the NTFs that 
characterize them. Then, on the implementation of the city networks, of which some poles are at the 
vertices of NTFs, but most are within the frame. These networks, whose components are tangible and 
intangible, connect the internal territories of TFS with the same TFS and therefore the “local” territories with 
the “global” ones and thus compete with all the regions involved (Di Ludovico et al., 2014), thus exceeding 
the unbalanced European polycentrism in favour of a “Horizontal (non-hierarchical) networks” model (Boix, 
2003). We refer, in the first instance to the concept of integrated network elaborated by Roberto Camagni 
(Camagni, 2017), in which different logics overlap on the territory, both because of a temporal succession 
and because they refer to different aspects or to different types of activities, giving rise to a complex scheme 
of superimposed spatial structures. These are the “complementary networks”, formed of specialised and 
complementary centres, the “Synergy Networks”, formed by cooperating centres, and “innovation networks”, 
consisting of centres cooperating on specific projects in order to reach a sufficient critical Mass (Camagni, 
2017). The research identified these networks only at the preliminary level, leaving their in-depth study to 
future developments. 
 
  
Fig. 3 On the left the TFs of the Median Macroregion (left) and the Strategic Project of the TFs "Pescara-Teramo-L'Aquila-Avezzan- 
Sulmona" / Axis 1 (right) (Source: Benedetta Di Giacobbe)  
4 CONCLUSION 
The research set out in this article represents the evolution of the Italian Ministry of Infrastructure and 
Transport – MIT and of the Abruzzo Region (It) study named “Territory Project ‘Joint 2’ Abruzzo” (RegAbr, 
2015), which concerns the construction of a partnership located in the so-called Median Italy (Central Italy) 
oriented to the construction of joint development projects with particular attention to the most in-crisis inner 
areas (Act, 2013). This study investigated the potential of national macroregion (on the model of European 
ones), identifying the Median Macroregion as a reference for spatial/territorial development projects and laid 
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the foundations for the design of the model of TFs applied in the research in a cross-scalar logic, from 
Europe to the local level. 
The research has highlighted some limits and issues, which required to be in some depth. The absence of 
any European reference framework for spatial policies; the lack of data verified at national and European 
level (transport, landscape, cultural heritage, etc.); the vagueness of the polycentric model and its inability 
to adapt to the different scales; the lack of experience on new levels of governance. 
The main objective of the research is to cultivate a new season of spatial planning geared towards the 
integration of territories through a cross-scalar approach, and to the activation of new sustainable 
development processes, with particular reference to economically disadvantaged inner areas in a context of 
macroregional governance. 
The next research steps intervene on some of the criticalities described and apply first of all the deepening 
of the transport themes connected to TFs, then the deepening of the "Horizontal (non-hierarchical) 
networks" in relation to the mesh of TFs and internal territories to the same, and the role of so-called Digital 
Frames – DFs, a theme still unexplored. 
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ABSTRACT
Over the last twenty years, Italy experimented a deep transformation of its socio-economic 
and technologic conditions, which inﬂ uenced, among others, shopping habits and customers’ 
consumption practices. These changes, which follows an incremental business deregulation 
process, had a strong spatial impact related with the competitions of brands, formats, offer 
systems, etc.. The evolution of national market and policy community needs innovative 
tools to support sectoral planning. The aim of this paper is discussing different territorial 
models that authors implemented within the recent activities of URB&COM Lab (PoliMI), 
analyzing Lombardy region and especially the network of “retail polarities” that currently 
shows speciﬁ c development trends as new openings, refurbishments, re-location, crises and 
dismantling, demalling, etc. which have effects on the whole system, integrating – and often 
competing with – the offer of urban retail systems. We present two different approaches to 
the modeling using as a support to the public strategies, that take in consideration “static” 
and “dynamic” data. The integration of these two approaches produces usable descriptions 
of current regional market competition and of the attractiveness – and the performance – of 
the retail polarities. Therefore, we explored the potential combination of those models with 
speciﬁ c focuses based on Google Places service, that allow reﬂ ections about consumption 
practices and their working proﬁ les. The result is an updated, interactive and original 
knowledge, that supports sectoral and territorial planning, providing a new, integrated point 
of view about retail poles and their impact on regional scale.
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Urban Retail Systems; Retail Poles; Demalling; Spatial Descriptions as Usable Knowledge
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1 INTRODUCTION1  
Over the last twenty years, Italy, as many others European countries, experimented a deep transformation 
of its socio-economic and technologic conditions, which influenced, among others, shopping habits and 
customers’ consumption practices (Pellegrini & Zanderighi, 2013). These changes, which follows an 
incremental business deregulation process (D.Lgs. 59/2010, L. 248/2006, D.Lgs. 114/98), had a strong 
spatial impact related with the competitions of brands, formats, offer systems, etc. The evolution of national 
market and policy community needs innovative tools and approaches to support sectoral planning. The aim 
of this paper is discussing different territorial models that authors implemented within the recent activities of 
URB&COM Lab of the Politecnico di Milano, analyzing the Lombardy region and especially the network of 
"retail polarities" (Morandi & Paris, 2015) (Shopping mall, Big Boxes, etc.) that currently shows specific 
development trends as new openings, refurbishments, re-location, crises and dismantling, demalling, etc. 
(Cavoto, 2014; Cavoto & Limonta, 2015) which have effects on the whole system, integrating – and often 
competing with – the offer of urban retail systems (high streets, food hall, aggregates of traditional shops). 
But in a context in which conditions changed radically, we overhauled disciplinary tools and sectoral 
approaches, to increase our knowledge about retail phenomena and their influences and opportunity in 
territorial governance (2). Therefore, in this paper we present two different approaches to the modeling 
using as a support to the public strategies, that take in consideration “static” and “dynamic” data, 
elaborating information about retail poles starting from open data sources and enriched with other specific 
sources. Resulting maps show the spatial distribution of current retail system in the Region, and an analysis 
of their attractive power, that takes in account features of poles and their contexts. 
The integration of these two approaches produces useful and effective descriptions of current regional 
market competition and defines several factors that influence the attractiveness – and the performance – of 
the retail polarities. Therefore, we explored the potential combination of those models with specific focuses 
based on Google Places service, that allow reflections about consumption practices and their working profiles 
(3). The result is an updated, interactive and original knowledge about Lombardy region, that supports 
sectoral and territorial planning, providing a new, integrated point of view about retail poles and their impact 
on regional scale (4). 
2 LEARNING FROM LOMBARDY REGION: A MULTICHANNEL, INTEGRATED AND 
COMPETITIVE MARKET FOR RETAIL COMPANIES 
Since 1998 and the reforms related with retail sector (D.Lgs. 114/98) and the local declination of European 
and Italian regulation about competition (EU Directive on services in the internal market 2006/123/EC, 
commonly referred as the Bolkestein Directive and its national adaptations D.Lgs. 59/2010), Lombardy 
Region represents the most relevant market for retail companies in terms of number of local units and 
business, heterogeneity of brands, offers and innovation in concepts and formats. 


1 Although this paper should be considered a result of the common work of the two authors, M. Paris took primary 
responsibility for the section “2. Learning from Lombardy Region: a multichannel, integrated and competitive market for 
retail companies” and G. Limonta for the section “3. Supporting territorial governance through not-conventional readings 
of spatial distribution of retail poles” meanwhile the Introduction and Conclusions are a product of the shared reflections 
between the two authors. 
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Moreover, the spatial distribution of retail services is not homogeneous and one of its key features is the 
interaction of planned retail poles (Brunetta & Morandi, 2009; Paris, 2014) – as large specialty stores (RICS, 
2018), shopping malls, retail parks, etc. -, that have been developed between late 90s and the 2010 and 
existing urban systems. Due to the crisis of 2008, the development of this network slowed down but, in 
recent times and following European trends, it evolved in a new phase, marked by several trends that we 
will point out in the next section (2.1), that produced a need of new tools and approaches to support public 
actions (2.2).   
2.1 THE EVOLUTION OF REGIONAL RETAIL MARKET 
The evolution of Lombardy retail market shows a complexity that involve distinct aspects, that affect the 
consolidate status of existing retail systems, their transformation and the development of new trends 
(Limonta & Paris, 2017a). These are due to a set of different strategies implemented by operators – and 
sometime suggested by public policies – to face off structural and contingent crisis (2008-2016) after an 
expansive phase (1998-2008). Moreover, the final image stands for an articulated multichannel system, 
where emerge different kind of offers. Major two - planned retail poles and urban retail systems - show 
specific peculiarities, that increase the overall complexity of the regional scenario. The result of the 
interaction between different typologies produces an over-dimensioned offer of retail functions, that is 
changing due to selective processes of adaptation to new market conditions, where the competition between 
formats and companies produce innovation in offers, hybrid spaces that integrated retail with other functions 
and an increasing decommissioning of consolidate stock due to a process of progressive adaptation of 
market to current conditions and consumption behaviors (Tamini & Zanderighi, 2017; Tamini, 2018). 
Fig. 1 The stock of 327 existing shopping malls in Lombardy Region (URB&COM Lab., 2018) 
 
Retail poles 
Four main trends marked the evolution of planned retail poles: 
î the opening and the development of new venues that aim to achieve a role of centrality in regional 
space, due to their larger and larger dimension and functional complexity, where the consumption of 
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goods, services and experiences produces a strong attractiveness of these “poles” that serve catchment 
areas that exceed their close contexts (Morandi & Paris, 2015) and achieve provincial and regional 
dimensions; 
î the refurbishment of existing shopping malls, that aims to reinforce their role in an increasingly 
competitive market; 
î the integration of retail with other specialized functions related with entertainment and leisure, culture, 
sport and horeca activities; 
î together with these actions, that show the inertia of suburban poles and the re-action to the crisis of 
consumption developed by operators of large retail companies, it appears a variety of deadmalls and 
gosthboxes and some attempts to regenerate them with demalling operations (Cavoto, 2014; Cavoto & 
Limonta, 2015). 
 
Urban retail systems 
In Lombardy, together with planned retail poles there a variety of spontaneous or "natural" retail systems 
located in urban contexts resists. They integrated the regional network of retail offers and shows certain 
inertia and vitality, representing alternative to suburban shopping malls. Urban retail aggregates are 
characterized by the agglomeration of commercial and retail activities (not only corner shop but also 
arcades, urban shopping malls, supermarket and superette) that configure high streets or vibrant squares, 
where retail functions match and coexist with other commercial activities (craftsman, restaurant and café, 
creative and cultural industries, culture and entertainment, advanced services, etc.). In other cases, retail 
and commercial activities does not create those agglomerations and their fragmentary spatial distribution 
don’t produce any synergy or added value in terms of attractiveness.  
In recent publication2, we focused on municipal retail trends to describe the fragility of retail systems 
through a complex indicator (Limonta & Paris, 2017b)3.  
These focuses depict a rich variety of situations, with some municipalities under pressure due to the 
attractiveness of planned retail poles and other local retail systems. These maintain a vital economic 
presence and a potential local retail system that are not weakened by competition (as in major cities - as 
Milano, Bergamo, Brescia and Monza - and the municipalities along the Milan-Turin motorway), and in some 
instances they are improved by the compactness (as in Milan and some peripheral municipalities). Together 
with these trends we should take in account other kind of factors that influence consumption practices of 
Lombardy Region, as the increasing role of ecommerce, or a progressive shift from a consumption economy 
to a sharing one, etc. that integrate - and sometime, compete – with traditional offers.  


2  The article presents the outcome of their research agreement within Urb&Com  Lab – DAStU, Politecnico di Milano and 
Polis-Lombardia, entitled “Analisi delle criticità e delle opportunità di sviluppo del fenomeno della dismissione commerciale 
ai fini dell’attrattività urbana” coordinated by Prof Luca Tamini, within the research project “Attuazione strategie europee 
2014/2020: individuazione priorità e linee di azione ed evento di confronto sulle tematiche del commercio tra le Regioni 
dei Quattro motori” financed by Èupolis Lombardia (Decree no. 2771 of 1 October 2014). 
3  Data was obtained from a regional observatory, in order to track the evolution of municipalities in the period 2008-2011 
and understand the dynamics of local networks of stores (increasing, balance, decreasing). The was then cross referenced 
with ISTAT data from the Industry and Services Census 2001 and the Industry, Services, and Non-profit Institutions 
Census 2011, regarding all retail activities (horeca, services, handicrafts, etc.) that were usually part of the shopping 
experiences of users. 
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Fig. 2 Le Acciaierie in Cortenuova (BG) – exterior of an abandoned shopping mall, opened in 2005 closed in 2014 (URB&COM Lab., 2018) 
 
Despite the relevance of these issues, in this contribution we will focus more in these aspects related with 
the physical retail network, leaving these digital or immaterial topics – and their material supports - as 
background. Therefore, in the next session we will point our reasons and opportunities for a change in the 
approach to retail system in policy community. 
2.2 A NEED OF NEW TOOLS AND APPROACHES FOR POLICY COMMUNITY 
Described typologies form a multichannel retail system, in which customers choose from time to time, how 
to develop their consumption habits, considering a variety of criteria (as easy access and proximity, low 
prices, products’ quality and merchandising mix, opening time, but also quality of contexts and urban 
environment, richness of consumption experiences and functional mix, etc.). 
Customers point out strengths and weaknesses for every typology of this multichannel retail system. 
Actually, they never focus just in a single possibility, but they differentiate their experiences and their 
consumption habits due to the opportunities that planned suburban poles and urban retail systems provide. 
This process produced a set of deep influences in retail companies, that affect their market strategies, their 
settlement behaviors and their branding and marketing policies. The result has been a progressive 
transformation of retail offer, in which we pointed out an incremental market saturation and an adaptive 
evolution of existing network, where co-exist different dynamics4. Together with these dynamics, those 
structures less innovative and attractive suffered a process of accelerated obsolescence and dismantling 
especially where the offer is sprawled and not attractive for users/customers. 
The co-action of these factors affects not only on retail field, but influences flows and infrastructural 
patterns, employment and social practices, local and regional economies, territorial attractiveness and urban 
vibrancy, safety and the quality of built environment, etc. The result is a complex dimension, which cannot 
be explained only through sectorial logics and which must be considered in public policies, as a field which 
influences territorial growth and its sustainable development, and where a governance is needed. Therefore, 
it emerges a demand for new spatial descriptions, that exceed the conventional and over-simplified current 
narratives (Manfredini & Villa, 2012) of retail phenomena. This original, specific and orientated spatial 


4 As new gigantism of external and multifunctional poles, urban re-centrages (Bagnasco, 2003) based on the role of 
competitive formats (food superette, mix offers of food selling and consumption, specialized medium-sized stores) and a 
multiplication of new openings (big boxes, hard discounts, entertainment centers) on peripheral contexts, sometime 
concentrated along important infrastructures or their crossroads. 
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knowledge (Dovarch, 2016) could be used to comprehend current territorial realities and to define specific 
strategies and actions. Moreover, these new readings, based on data and interpretative keys, must be open, 
transcalar and interactive, able to generate dynamic representations (Lombardini, 2016; Voghera et al., 
2016) of these spatial phenomena. They should allow a systemic view of the retail dynamics and framing 
them in their territorial and not isolated dimension. 
3 SUPPORTING TERRITORIAL GOVERNANCE THROUGH NOT-CONVENTIONAL 
READINGS OF SPATIAL DISTRIBUTION OF RETAIL POLES 
In a recent research5, we explored an approach oriented to the description of Lombardy Region retail poles 
system, in which produced cartographies and elaborated data have supported the definition of new 
regulative tools for traffic assessment and infrastructure management. The aim was providing to decision-
makers and private operators an assessment tool for the attractiveness of retail poles able to estimate the 
number of visitors (and from this, the number of cars and generated trips) for each structure. Our aim was 
the definition of a protocol able to define flows distributed during the week and their succession during the 
day. Our proposal uses different kind of materials, mixing “static” data (location, dimension, offered 
products, etc.) with “dynamic” information in which we take in account relative positions of poles, their 
interactions and the attractiveness of their formats (especially when they integrate more functions or 
propose specialized offers). Testing this approach, we integrated the reflection with an exploration on 
Google Places data, that could support with an on-time update these focuses. 
We involved outputs of these analysis to describe current market dynamic, competitive advantages or 
opportunities of locations and saturated spaces in regional context. This description allowed us to:  
î identifying municipalities affected by a new opening (or refurbishment) taking in account its format, its 
dimension and the integrated functions offered within the retail pole. Therefore, we quantified the 
potential basin of a specific venue in terms of attracted inhabitants and, consequently, the number of 
families and vehicles potentially attracted by the structure (3.2); 
î quantifying the pole attractiveness through the involvement of original models6 that take in account the 
presence of competitors within the specific basin of each structure and the resulting competitive 
market (3.3); 
î focusing on directions and rates of visitors’ flows, distributing them on infrastructure networks that 
serve any pole according to its ranking (motorway, state/provincial route or local one), its features 
(speed expected, existing traffic, etc.) and performance potentials (3.4). 
 


5 Developed within the Research Agreement between Polis-Lombardia (I) and DAStU – PoliMI, titled “Valutazione del 
traffico generato/attratto da trasformazioni urbanistiche-insediative e da grandi strutture di vendita”, coordinated by P. 
Beria and where authors took part as members of research team (headed by L. Tamini) in 2017-2018. Urb&Com Lab has 
been called to (a.) Defining the spatial distribution of retail poles (Shopping mall, big-boxes, FOC, etc.) in Lombardy, (b.) 
Interpretating the regional context, (c.) Focusing on rhythms and cycle of attractiveness through Google Places data, (iv.) 
Supporting the definition of the new regulative approach. 
6  Gravitation model that the Lombardy regional authority implemented a gravitation model for the assessment of impacts 
on labour market of new openings of retail poles (DGR X/1193, cfr. 3.2.2). The base for those quantifications is our re-
interpretation of this model, in which we applied the same variable of distance (misured in travel time) to identify the real 
attractive potential of each structure for visitors. 
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3.1 STATIC DATA: DESCRIBING THE SPATIAL DISTRIBUTION OF RETAIL SYSTEMS 
In the first focus, we represented the spatial distribution of poles according to the data provided by the 
Opendata services of Lombardy Region7 considering their dimensions and their typologies. Therefore, we 
provided a specific focus for those poles “organized in unitary form” (Grandi Strutture di Vendita organizzate 
in forma unitaria) and the large specialty stores (Grandi Strutture di Vendita organizzate in forma singola) as 
defined in section 2 “Definizioni e altre disposizioni comuni” of D.G.R. X/1193 del 20 dicembre 2013, the 
regional law that provide a specific taxonomy for these structures. 
 
Poles organized in unitary form 
This channel comprehends: Shopping malls (with its declinations “Aggregated shopping mall” and “Multi-
functional shopping mall”), Factory Outlet Centres (FOC) and Retail parks. Together with these elements, we 
took in consideration also the Entertainment centers (which are sometimes integrated by retail functions) 
and the cinema multiplexes. Although they are not retail poles, we decided to involve also these specialized 
aggregated because we considered important attractors, and they produce spatial habits for their users that 
integrate the retail poles’ ones. Therefore, we compared the regional data with many DBs, produced by 
different players (associations, think thanks, specialized journals, etc.) that provided other kind of 
information (GLA, number of existing shops, functional mix, brands, etc.) that are not contained within the 
regional database. 
                        
Fig. 4 Retail poles in Lombardy Region: Poles organized in unitary form (left) and large specialty stores (right) 
 
 
Large specialty stores 
Together with the poles organized in unitary form, they appear 228 other structures (221 active, 4 projects 
and 3 dismanteld/abandoned), organized as large specialty stores with different merchandising offers. 
Amongst active authorizations, it emerges the role of “Large general merchandise stores”, that involved food 
dealers and supermarkets, and “Furnitures stores”, with relevant companies as IKEA and other players. 
 
 
 


7  https://dati.lombardia.it/   
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POLES AMOUNT TIPOLOGY AMOUNT 
Active retail poles  309 Shopping malls 198 
Multifunctional shopping malls 19 
Retail parks 73 
Multifunctional retail parks 4 
Factory Outlet Centres (FOC) 2 
Entertainment centre and multiplexes 13 
Projects  16 Shopping malls 11 
Retail parks 3 
Factory Outlet Centres (FOC) 1 
Entertainment centre and multiplexes 1 
Dismantled/abandoned 7 Poles organized in unitary form 6 
Entertainment centre and multiplexes 1 
Total 332   
Tab. 1 Retail poles in Lombardy Region: Poles organized in unitary form 
 
POLES TIPOLOGY AMOUNT SURFACE 
(sq. m.) 
Active retail poles 
and projects 
Sportswear and accessories 8 28,070 
Clothing and accessories 38 139,136 
Bricolage 23 137,440 
Large general merchandise stores (hypermarkets, 
superstores, etc.) 
93 343,492 
Consumer electronics 5 20,403 
Department stores 6 59,906 
Furniture 46 270,746 
Dealerships 1 3,163 
Others 5 10,625 
Total  225  
Tab. 2 Large specialty stores: merchandising mix 
 
Looking at spatial distribution, there is a strong correspondance among retail poles and population density 
(Cavoto & Limonta, 2015), especially for the metropolitan corridor that links the cities of Milan, Bergamo and 
Brescia. But other conditions characterize a number of spaces where retail poles show specific settlement 
practices: 
î role of relevant infrastructures and major roads. Therefore, locations along these axis – or better, in 
their crossroads - maximize the potential attractiveness of the commercial structures (as in pre-alpine 
valleys, i.e. Val Seriana, Val Trompia, Valtellina); 
î tourists’ presence, as in the area of Lakes (Garda, Como, Iseo) provides a number of no-resident users 
for retail poles; 
î high competition for local markets where the proximity achieves a strong relevance. In these areas, 
there is a strong reduction in attractivness – and consecuently, in profitability - for retail poles that 
brings, in extreme casses, in processes of progresive crisis and dismantling (as in the area of Pianura 
Padana). 
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3.2 DYNAMIC DATA: ATTRACTIVENESS AND VISITORS 
Once portraited the spatial distribution of retail poles in Lombardy, we focused on their attractiveness as a 
relevant variable to define the competitive scenario for the region. In this case, we moved to “dynamic” 
data, focusing on the power of these spaces to entice visitors, due to their format (that depends to the 
management skills of tenant/developers) and their accessibility (relationship with infrastructures). This task 
was aimed to defining a model of the gravitation power of visitors that exceeds the idea of “the largest, the 
most catching”, focusing on their territorial role and taking in account specific characteristics of every poles. 
 
TERRITORAIL ROLE/ 
ATTRACTIVENESS (DIMENSION) 
FOOD MIXED NON-FOOD WHEN THE STRUCTURE FORMS 
PART OF A RETAIL PARK OR A 
SHOPPING MALL  
Intermunicipal attractiveness 
(less than 5, 000 sqm) 
15’ 15’ 15’ 15’ Shopping malls and retail parks 
25’ Multifunctional shopping malls 
30’ Factory Outlet Centres (FOC) 
Provincial attractiveness 
(5,001 < x < 10,000 sqm) 
25’ 25’ 25’ 25’ Shopping malls and retail parks 
30’ Multifunctional shopping malls 
40’ Factory Outlet Centres (FOC) 
Interprovincial attractiveness 
(10,001 < x < 15,000 sqm) 
35’ 35’ 35’ 35’ Shopping malls and retail parks 
40’ Multifunctional shopping malls 
50’ Factory Outlet Centres (FOC) 
Regional attractiveness 
(15,001 < x < 30,000 sqm) 
50’ 50’ 50’ 50’ Shopping malls and retail parks 
60’ Multifunctional shopping malls 
70’ Factory Outlet Centres (FOC) 
Regional attractiveness 
(30,001 < x < 50,000 sqm) 
70’ 70’ 70’  
Regional attractiveness 
(50,001 < x < 80,001 sqm) 
80’ 80’ 80’  
Regional attractiveness 
(more than 80,001 sqm) 
90’ 90’ 90’  
Tab. 3 Reference isochrone (dimension in minutes) for the calculation of the catchment area of retail poles (Source: Table 1 of Annex 1 of 
the D.G.R. X / 1193) 
 
Following the definitions proposed by Regione Lombardia in the D.G.R. X / 1193, we define the dimension of 
the shopping polarities catchment area8. Therefore, in the analysis we introduced variables related with 
context’s conditions (density of inhabitants, presence of infrastructures, accessibility, etc.), format 
(calculating the visitors of every pole - as shown in Tab. 3 – starting from its attractiveness and its relative 
catchment area). 
We carried out the analysis in GIS environment (ESRI Network analysis), where we identified the isochrone 
for each pole of our sample. We generated these isochrones thought a network model based on the 
OpenStreetMap (OSM) data released with ODbL license9. We calibrated the travel speed of each arc 
according to the traffic level of the different urban contexts10 and the network model considers the effect on 
speed reduction due to the presence of nodes along the network and the effects of acceleration/deceleration 
of the vehicles between nodes. For the elaboration of isochrones, we assumed an optimal service level (level 


8 The catchment area of every pole has been defined following the indications of Table 1 of Annex 1 of the D.G.R. X / 
1193, the regional document that define the extension of the isochrone as a function of format and dimension. 
9   Open Database Licence. 
10 The calibration is based on data of ISTAT Census 2011 about commuting practices by private vehicles (cars and 
motorcycles). 
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A) of infrastructure, without interferences between vehicles that could influence their travel speed. Once 
completed the simulation, the isochrone could be represented in two ways: 
î as a linear element, taking a graph portion equal to the distance travelled by a vehicle in a discrete 
time;  
î as a polygonal-area element, that occupies the hypothetical geographic area equal to the distance 
travelled by a vehicle in a discrete time.  
For the present analysis we choose the representation based on polygonal elements because, in our opinion, 
allows a more effective representation and a better geographical interpretation. Discussing our approach 
during the research, we pointed out how the isochrones are products of a simulation produced by an 
informatic algorithm, and as other spatial representations, there is an implicit risk of oversimplification of the 
reality and/or its distortion. In this specific case we focus on the oversizing of the geometry of the polygon 
and, for this reason, we produced a protocol that minimizes the area's approximation of the simulation. 
Therefore, we limited the area around major infrastructures, that often include portions of territory just 
partially affected by the attractiveness of a specific retail poles. Using GIS technology, we produced a weight 
overlay map, that shows the overlays of catchment areas of poles that belong to our sample11. The map 
shows the interactions and overlays between polygonal geometries of isochrones, paying attention to the 
attractive power of each pole and, therefore, including in this model their relevance as a variable.  
 
    
Fig. 5 Overlay of catchment areas of retail poles in Lombardy Region: Scenario 0 – existing poles (left) and Scenario 1 – new openings 
(right) 
 
In this case, we consider double the attractiveness of poles organized in unitary form compared with large 
specialty stores. Resulting overlays are clustered in 5 classes through the Jenks natural breaks optimization12 


11  We excluded in this phase those poles that are: (i.) dismanteled or in crisis; (ii.) multiplex and entertainment centres, 
(iii.) those large specialty stores that showed a limited attractiveness (specialized in materiali edili, macchinari industriali, 
etc.) 
12 This is done by seeking to minimize each class’s average deviation from the class mean, while maximizing each class’s 
deviation from the means of the other groups. In other words, the method seeks to reduce the variance within classes 
and maximize the variance between classes. Once the number of classes has been defined, the same are identified in the 
points of discontinuity of the distribution of values, then the difference between the sum of the square deviations in each 
class and the sum of the differences with respect to the global average is maximized (Wikimedia Contributors, 2018). 
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due to its effectiveness in the classification of values not uniformly distributed. The geographical 
representation describes the competitive context of regional market (very high, high, moderately high, low, 
very low), considering the relative proximity of poles with similar formats (horizontal competition) or other 
offers (vertical competition) and development of ongoing projects (existing competition and a scenario with 
new openings). 
Once obtained the map of the competition among retail poles in Lombardy, we projected the overlays of 
their catchment areas on administrative structure of region through a process of geo-processing developed 
with GIS technology.  
 
    
Fig. 6 Classification of Lombardy Region municipalities for competition degree: Scenario 0 – existing poles (left) and Scenario 1 – new 
openings (right) 
 
Therefore, we obtained a classification for each municipality13, noticing a odd absence of competition on 
regional boundaries. Therefore, we decided to extend the sample of analysis to retail poles of other regions 
(Piedmont, Veneto and Emilia Romagna) or nations (Swiss) that have catchment areas that attracting 
visitors outside the regional market. We found a set of “extra-regional” structures able to attract users 
because they are located near the regional administrative border (Brunetta & Morandi, 2009) and we 
integrated the model14 and the resulting regional classification with this information. These results show the 
limits of analysis based on static data, that does not take in account the regional competitive context. At the 
same time, through this approach, we discussed those parameters defined by Lombardy Region in Tab. 1 of 
Allegato 1, D.G.R. X/1193 (cfr. Tab 3 of this paper). Despite the interesting definition of isochrones 
according to dimension and formats, resulting model applies these parameters to the whole regional space, 
without modulating values according to the market competition. We proposed a new protocol, in which the 
assessment of new openings takes in account existing spatial distribution of retail poles and - through it - 
definition a more precise rea of influence of these structures.  Moreover, this original representation is a 
useful tool to understanding the attractiveness of retail poles and their spatial impacts and it can be used as 


13 When a municipality belongs to a unique class, we assigned automatically them. When the municipal space belongs to 
different classes, we assigned the one that occupy the largest part.  
14 We selected 68 Italian and Swiss structures, with more than 10,000 square meters GLA, considering a 30 minutes 
isochrone for each pole. 
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a base to define strategies and actions not only for retail sector but, as in this specific case, to define an 
original approach to assess those impacts related with large transformations and give hints to evaluate the 
influences of new openings for infrastructures and private mobility. 
3.3 DYNAMIC DATA: QUANTIFYING THE ATTRACTIVENESS 
Over the last decade, we worked focusing on the spatial dimension of retail sector, and we assumed that 
models or algorithm that estimate a priori the attractiveness of a retail structure often over-simplify variables 
and parameters that influenced consumption behaviors and users’ practices of these structures. Despite our 
distrust for this approach, in the mentioned research we were expected to provide a predictive model based 
on gravitational ones, to estimate the number of potential visitors of each pole, taking in account those limits 
and risks pointed out in the section above. Recent studies show several econometric approaches to these 
estimations, with different degree of complexity and precision. Starting from the Huff-model (Huff, 1964) 
and its evolutions (Gonzalez-Benito, 2005; Simmonds & Feldman, 2011) economists involved a Newton 
Gravitation Law in economic analysis and assume that the probability to choose a destination shopping 
decreases with the distance and increase with the size of the structure (Reilly, 1929). This approach is 
normally used as a representative element of attractiveness. Our aim was different from the general target 
of those models, that try to estimate the attractiveness of a specific location. We were called to give a tool 
for public authorities, that should evaluate impacts on infrastructure networks. Therefore, our model involves 
the same variables and parameters of gravity models but is different in terms of application and goals. 
Therefore, we define an isochrone following regional guidelines, taking in account a reduction in terms of 
time (and, consequently, area) due to the existing competition. Together with this first isochrone, we 
defined also intermediate ones, every 5 minutes, and we consider the areas of each municipality involved 
with this subdivision. The aim of this task is defining the footfall (visitors per year) and for this operation, 
once identified the population living within this area, we reduce the number of potential visitors taking in 
account the competition degree15 and consumption behaviors16 for each municipality within the catchment 
area. The validation of this approach is verified comparing values obtained following the protocol described 
with real data about visitors per year of a sample of Lombardy poles organized in unitary form17 provided by 
management companies of malls or from National Council of Shopping Centers (CNCC, 2017). This 
comparison highlights the relative reliability of this model for standard cases but its limits where the position 
of a specific localization or its features maximize its potential basin and, so, figures out a number of potential 
visitors very high but the real footfall is lower. In these cases, the deviation between real and estimated 
values is higher than 90%. In a “traditional” gravity model operators should analyze in deep competitors and 
spatial distribution of existing retail poles to starting this operation.  


15  For this reason, we multiply the values of the resident population (potential basin) with a percentage parameter 
defined starting from the class of competition assigned to each municipality, and we obtain the number of inhabitants that 
– hipotetically – could choose a specific structure among the offers that they have in a local context.  
16  We defined an “annual frequency coefficient” that takes in account the distance from the retail pole, and that describe 
the propensity of a inhabitant to visit a specific structure due to the travel time needed to get there. We applied this 
coefficient to the population of each 5 mins. Isochrone: 0-5 mins: 104 (2 visits/week); 5-10 mins: 78 (1,5 visits/week); 
10-15: 52 (1 visit/week); 15-20 mins: 36 (3 visits/month); 20-25 mins: 24 (2 visits/month); 25-30 mins: 12 (1 
visit/month); 30-35 mins: 4 (4 visits/year); more than 35 mins: 2 (2 visits/year). 
17  Sample analyzed constitutes to 45 structures organized in a unitary form able to offer a homogeneous coverage of the 
regional territory.  
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In this light, and excluding limiting cases, this approach estimates footfall for retail poles with an appreciable 
degree of precision, especially considering that our aim was the definition of attracted flows and their 
impacts on infrastructure networks. 
 
 
Fig. 7 Deviation of the values calculated respect to the visitors registered: with borderline cases (left) and without the borderline cases 
(right) 
3.4 DYNAMIC DATA: DISTRIBUTE THE ATTRACTIVENESS GENERATED. THE INTEGRATION 
WITH GOOGLE PLACES DATA 
For the reasons mentioned above about the final aims of the research that we present in this paper, we 
were asked to foster the analysis about the rate of the flows generated by those poles and to define a 
methodology able to describe the users’ attendance habits of these structures. 
We discarded the hypothesis of a work based on direct survey that, although precise and commonly used for 
specific analysis, was impossible to extend to the whole sample of 557 identified poles. Therefore, we looked 
for a reliable and transversal source of data that allows to make comparisons and details on the distribution 
of the weekly attendance of single poles. This means that we looked for an effective and not expensive (due 
to the lack of financial and human resources to invest in this phase) process of data mining for these data. 
Amongst data sources available for free, we explore the information related with the service Google Places.  
    
Fig. 8 Google Places: Data related with users’ attendance of a specific structure 
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Google search engine displayed these data in the "Maps" web service and the "Search Results" page. They 
should support users in programming a visit to specific places, giving hints about crowding level of the 
structure, real time presences and an estimate of the average duration of the visit according to the day of 
the week. 
Once defined the process of scraping of these data, we focus on a sample of 57 poles (28 organized in 
unitary form and 29 large specialty stores) focusing on different typologies, in coherence with the regional 
categories defined taking in account their degree of attractiveness (Tab. 3). To make comparable these 
data, we selected among structures that give the total amount of visitors over the year and thanks to these 
information, we could elaborate the extracted data from Google. 
 
 
Fig. 9 Attendance profile of poles with regional attractiveness (15.001 < x < 30.000) 
 
For every typology, we collected examples to deal with the complexity of the system, selecting both central 
and peripheral structures, as well as paying attention to their accessibility and their formats. Finally, we 
defined attendance profiles for both Poles organized in unitary form (Fig. 8) and Large specialty stores (Fig. 
9), pointing out which days are more crowded during the week (Tab. 4) and those rush hours (Tab. 5) that 
could affect on infrastructures’ normal work.  
4 CONCLUSIONS: TOWARDS A DETAILED AND USABLE SPATIAL KNOWLEDGE FOR 
POLICY MAKERS AT REGIONAL SCALE 
Within the present contribution we proposed an example in which a variety of methodologies and data have 
been involved to describe the retail poles distribution in Lombardy space, and the current condition of this 
Region as a mature context mature and high-competitive market. Our analysis exceeds descriptive images 
and tried to point out the attractive characteristics of every pole and the impact of the resulting system in 
terms of attraction for local populations and potential externalities on infrastructures. 
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Fig. 10 Attendance profile of large specialty stores 
 
TERRITORAIL ROLE/ 
ATTRACTIVENESS 
(DIMENSION) 
Most crowded week day Most crowded week end day 
Day Time % on 
whole day 
Day Time % on 
whole 
day 
Intermunicipal attractiveness 
(less than 5,000 sqm) 
Friday 17:00-18:00 12.2% Saturday 17:00-18:00 11.9% 
Provincial attractiveness 
(5,001 < x < 10,000 sqm) 
Friday 17:00-18:00 12.7% Saturday 17:00-18:00 16.0% 
Interprovincial attractiveness 
(10,001 < x < 15,000 sqm) 
Friday 17:00-18:00 11.4% Saturday 17:00-18:00 17.3% 
Regional attractiveness 
(15,001 < x < 30,000 sqm) 
Friday 18:00-19:00 11.0% Sunday 17:00-18:00 21.00%
Regional attractiveness 
(30,001 < x < 50,000 sqm) 
Friday 18:00-19:00 10.5% Sunday 17:00-18:00 28.2% 
Regional attractiveness 
(50,001 < x < 80,001 sqm) 
Wedensday 17:00-18:00 11.1% Sunday 17:00-18:00 26.9% 
Regional attractiveness 
(more than 80,001 sqm) 
Wedensday 17:00-18:00 10.9% Sunday 16:00-17:00 28.9% 
Tab. 4 Poles organized in unitary form: Rush hours per week 
 
This approach to the spatial distribution of retail poles is innovative because: 
î it provides a vision that embraces the regional scale, considering the interactions and mutual influences 
between different poles and with their specific contexts (the metropolitan sector that connects the city 
of Milan, Bergamo and Brescia, the Northern mountains and the Southern plateau marked by low 
densities and some medium city, the intermediate territories, where stand-alone poles integrate the 
offer of central functions in consolidated urban cores); 
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î it overcomes conventional analysis based on gravitational models, considering variables related with 
retail poles (dimension, format, functional integration, etc.) that show a deeper and more sensitive 
know-how about retail and its dynamic and with specific conditions of local contexts (relation with 
infrastructure networks, visit duration, frequency of visits, behaviors of visitors estimated with the 
presence of competitors, etc.) that affect a variety of field and sectors (mobility, economy, sociology, 
etc.). The result is a spatial interpretation more detailed and comprehensive than traditional market 
tools, because it considers interactions, synergies and – often – contradictions of settlement strategies 
of retail operators but, at the same time, it takes in account those factors that they use as criteria 
within their decision-making processes;  
î estimations developed with our approach could be improved by exploiting the potential of big data 
(Manfredini et al. 2016; Pucci et al., 2015), that can be involved to define the effective attractiveness 
of the commercial polarities analyzed and to evaluate the real distribution of visitors’ flows at different 
times of the day and the week; 
î it has been involved in a decisional process of Regional Authority (DG Territorio e Protezione Civile) for 
the definition of new regulations about traffic impacts of large transformations. This example shows 
how non-conventional and interpretative readings of spatial complexity became useful tools for the 
definition of a territorial governance.  
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ABSTRACT
The urbanization of recent decades has radically changed the original morphology of territorial 
systems. Recognize the traces of long-term urban form, on a large scale, can help land planning 
actors in order to make settlements more sustainable and resilient. The aim of the paper is 
to analyze the long-term urban plan for the territory of Albenga area, in the Western Liguria, 
Italy. Settlements are analyzed together with the basic territorial structures that have generated 
them during the historic long period. The study starts from the diachronic reading of cycles of 
territorial development that have gradually formed the present settlement. The matrix elements 
that determine the shape of the settlements are, in the ﬁrst instance, the paths and the plots 
(including land uses), detectable by comparing different historical maps. Subsequently the 
different built forms are classiﬁed into “morpho-territorial typologies”. The representation of 
the settlement into different temporal stages is the result of processing carried out through 
the use of GIS and simulation models based on cellular automata and multi-agent systems. 
Through geosimulation techniques it is possible to rebuild both the process of formation and 
transformation of the settlements, and to represent the structure of long-term of “morpho-
types”. The use of geosimulation techniques also allows the construction of scenarios in which 
it is represented how the process of urbanization of the last 50 years has radically altered the 
original settlement structures and also allows us to represent the possible evolutions of the 
settlement system.
KEYWORDS
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Lombardini, G. (2018). Geosimulation methods for settlement morphologies analysis and territorial development 
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1 INTRODUCTION  
1.1 THE MAIN ISSUES CONCERNING THE RESEARCH  
The main purpose of this contribution is to understand and represent the current territorial structures 
(settlement fabric), characterized by a post-metropolitan condition. The research attempts a description of a 
post-metropolitan territory, trying to highlight some salient features that, according to E. Soja can be 
identified in a poly-nucleated urbanization, a frequently absence of dominant centers, settlement dispersion / 
diffusion, fragmentation and segregation of uses. The hypothesis carried out by the research is that the 
territory can be analyzed as the stratification of successive settlement cycles (according to Muratori and 
Caniggia). Then the question is to understand territorial change and how to represent it. Another hypothesis 
concerning the role that physical space play in determining settlement forms. The research is based on the 
idea that human settlement, in its historical evolution, is conditioned by the physical and morphological 
characteristics of the territory, as well as by the quantity and quality of environmental resources. The 
creativity of human activities (technology, civil development, aesthetic aspirations) creates the special 
symbiosis between man and environment that characterizes every human environment. Moreover, the 
history of the settlement is the story of the continuous and changing adaptations that the anthropic 
structure (in its material and cultural dimensions) operates towards the stratifications inherited from the 
precocious ages. In this sense, the history of the settlement can be interpreted as the succession of a series 
of cycles over time, in which, in every age, original equilibrium relations are manifested between local 
communities, environment and resources. Another question is, then, how the ‘sediments’ left by previous 
cycles are used and/or reused. Similarly, the research the research tries to understand. What are the 
relationships between economic and social cycles and settlement territorial cycles. Here, the hypothesis is if 
it’s possible to think a method that knows how to understand the territorial settlement cycles as a path 
dependent process, but at the same time in an innovative way. 
1.2 THEORETICAL ASSUMPTIONS: TERRITORIAL CYCLES AS INTERPRETATIVE KEY  
The post-metropolitan territory (and the territory in general) can be read as a succession of cycles of 
territorial settlement. The material history of the territory is the history of the forms of its settlement and is 
not linear, but it’s characterized by cycles of innovation / consolidation, centralization / dispersion, 
employment / abandonment, colonization / restructuring. Sometimes these settlement dynamics act 
simultaneously (they are synchronous), in other cases they alternate over time and are differentiated in 
space (diachronic changes). The geographical space (the physical and morphological characteristics of the 
territory), condition the different territorial cycles (above all the first cycles) that are always the result of an 
uncertain and unstable equilibrium between population and environmental resources. The forms of 
settlement inherited from the past also condition future developments, sometimes posing as constraints 
sometimes as opportunities (reuse of previously shaped structures). 
1.3 THE METHOD ADOPTED  
The most recent land use/cover change models (Briassoulis, 2000; Basse et al., 2014; Batty, 2015; White et 
al., 2012) are usually based on different empirical techniques (e.g., artificial neural networks, agent-based 
models, genetic algorithms) or statistical techniques (e.g., multi-criteria analysis, regression models) and 
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underlying theories have significantly increased researcher’s interest because they can (1) explore dynamic 
processes of the land use system; (2) build models of relationship among changes and spatial and non-
spatial variables; (3) can make explicit the weight and the role that the different variables taken into account 
have in determining the changes in land use; (4) predict future land use development over space and time; 
(5) simulate trajectories of land use changes and feedback loops through the implementation of land use 
scenarios. For the study of the succession of the different territorial cycles, the starting information base was 
constituted, by the analysis of changes in land use and land cover. Through the reading and analysis of 
variations in land use maps it is indeed possible to elaborate a description of the spatial structure of the 
settlement. The land use maps developed in this way are then the basis for developing simulations on 
possible future territorial structures. The method adopted allows to represent the dynamic settlement 
structure of a territory in an historic way, allowing to describe and observe the phenomena of centralization 
/ dispersion, occupation / abandonment, colonization / restructuring.  
Briefly, the workflow consists of the following steps: 
î obtain landcover map for few time slices and a set of potential explanatory variables; 
î calculate probabilities of transitions from class to class; 
î build a model using ANN, logistic regression, Weights of evidence or Multi-criteria evaluation to 
describe transitions based on factor variables; 
î use this model for forecasting; 
î validate the result with real data. 
More precisely, the proposed method consists of six processing steps (Tab. 1):  
 
Elaboration of data sets and land use and land 
cover maps in different time stages 
 Institutional open data maps, image interpretation 
of aerial photos, survey on site, GIS 
Searching of the potential spatial variables  Spatial analysis thruogh GIS 
Evaluation of the statistical correlation between 
land use change and explanatory spatial 
variables 
 Spatio - statistical indices: Pearson’s correlation 
Modeling the temporal transition rules between 
the different land use maps  
 Artificial Neural Network (ANN) (Multi-layer-
perceptron) 
Simulation of change through geosimulation 
methods 
 CA- Cellular Automata 
Calibration and validation of the model results  CA- Cellular Automata 
Tab. 1 Spatial analysis of territorial cycles: steps of the proposed method 
 
2 THE STUDY AREA AND THE ANALYSIS OF TERRITORIAL CYCLES 
The study area concerns a western region of Liguria (Albenga and its region), characterized by the presence 
of an important coastal plain that has been formed, from a geomorphological point of view, from the 
confluence of some mountain streams. It is one of the few flat areas of Liguria and its shape has influenced 
the forms of settlement over the centuries. The history of human occupation in the area is very ancient and 
even in Roman times the area was characterized by an intense process of colonization. The vivacious 
agricultural and productive characteristics have been maintained and consolidated, up until today.  
Albenga is an area of ancient human colonization. We can recognize almost fuor phases of human territorial 
occupation. The first phase of settlement structure (3.000-2000 years ago) is characterized by the presence 
of small residential areas on the heights, near the ridges (centers of the promontory). The second phase of 
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settlement evolution is characterized by the descent towards the valley of the settlements and by the 
progressive occupation of the hillsides. This is the period in which large terraces are built and it is the period 
in which agricultural production consolidates itself and specializes. The paths now descending from the 
ridges become mid-way routes. The first long-distance foothills paths are also built. The third phase is 
characterized by the intensive occupation of the lowland areas of the valleys. The agricultural structure now 
occupies all the flat coastal areas and the valleys, thanks to the drainage of previously swampy areas. The 
road network becomes dense and even urban centers rise in rank (population, markets, activities). In this 
period (1300-1950) also begins a phase of organization of the territory that focuses on some new foundation 
urban centers. The fourth phase coincides with the urbanization process of the modern era. 
 
 
Fig. 1 The phases for the development of land use change model 
 
On the basis of the settlement structures built in previous periods, the agricultural activity becomes more 
and more intensive (industrialized agriculture) and this primary activity is flanked by various other functions 
such as trade and industry, which tend to occupy large areas with increasingly large building artifacts.  
About modern settlement dynamics, we can recognize three phases in the last 60 years. The first phase of 
the modern era (1950-1975) is characterized by the strong presence of traditional agriculture conducted on 
small plots. Production is concentrated mostly on fruit and vegetables and the outlet market is mainly local. 
The other activities (which materialize themselves in specific uses) are weak, except for the residential 
function that emerge in strong increase during this period. The population is increasing (from 12,000 to 
19,000 inhabitants). The second period (1975-1995) is characterized by a strong conversion of agricultural 
activity towards industrialized production forms with great growth of greenhouse plants and specialized 
crops. Agricultural activities are now flanked by the productive and commercial functions (often entering into 
competition with the agricultural land uses) that tend to occupy great spaces, especially near the main 
roads. The quantitative growth of the building continues. The population continues to increase, but at a 
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slower rate: from 19,000 to 21,000 inhabitants. The third period (1995-2015) is characterized by a strong 
expansion of service industry, productive and commercial functions to the detriment of agriculture. The more 
specialized agriculture resists and consolidates itself, but the agriculture conducted in more extensive forms, 
on the one hand is replaced by new urban activities (increasingly widespread in the territory), on the other 
side is subject to abandonment, with the consequent growth of forest and natural areas. Building 
development is remarkable and even the population continues to increase (from 21,000 to 23,000 
inhabitants). To investigate what were the main trends in the transformation of the territorial structure of 
the case study area in the recent past, it has been hypothesized that a fundamental tool of knowledge is 
constituted by the analysis of changes in land uses over time. In fact, an anthropized territory can be read 
as the organic overlap between a structure of land uses, a subdivision plot and settlement morphologies. 
Undoubtedly the mosaic of land uses is the one that most conditions (and is in turn conditioned) the other 
two components. Therefore, reconstructing the succession of changes in land use over the medium to long 
term allows us to provide a cyclical reading of territorial evolution. The modifications that can be read in the 
physical structure of the territory can also be linked to the more general socio-economic dynamics of the 
study area, also characterized by strongly cyclical trends. In particular, the cycles of change in land use 
destinations (the role of agriculture, the crisis of traditional agriculture, the dynamics of abandonment of the 
higher areas, the growth of dispersed urbanization, the increase of tertiary functions) can, in a broader 
perspective of research, link to some general scenarios such as: continuity of current trends, growth of 
innovative agricultural activities, growth of tertiary activities, consolidation of the residential function. In this 
contribution we will illustrate the scenario of continuity of current trends.  
3 OPERATIONAL STEPS FOR LAND USE SIMULATION  
The land uses used in this study were vector data and classified into 8 categories: compact residential, other 
urban uses, dispersed settlement, urban green areas, intensive and extensive agriculture, forest and natural 
areas, water. Most of spatial variables were loaded in vector format, where the MOLUSCE deals with raster 
data. So, first thing was to convert all vector data to raster data to be able to deal with plugin. Other terms 
to deal with plugin is to set the same coordinate system for all layers. Applied resample process for all layers 
to determine the same pixel size, in this study the pixel size chosen is 5x5 mt.  
1° step - Inputs - Data preparing 
The initial (period 1, 1995) and final (period 2, 2015) land use/ land cover maps as well as spatial variables 
such as slope, road proximity, elevation, and settlement density and form are loaded in the panel of spatial 
variables (Fig. 2). The land use/ cover change information and the spatial variable are been used for 
modeling and simulating land use/ cover changes in area-studio. In this step, it was crucial checking 
geometry if all inputs matched (pixel dimension, coordinate systems, scale and so on).  
2° step - Evaluation correlation  
This step comprises three methods, namely the person’s correlation, joint information uncertainty, and 
crammer’s coefficient, which are used to check correlation among the spatial variables. The analysis (Tab. 2) 
shows the correlation ratio between the five variables (slope, road proximity, elevation, built concentration 
and accessibility -isocrones-). It is noticed from the result that the slope and elevation layers are inversely 
related to the other variables, which are inversely affected. The roads often need an equal area in order to 
facilitate street construction. The other variables are linked by direct links.  

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Fig. 2 Spatial variables selected 
 
 
 
 Fig. 3 Land uses categorization 
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VARIABLES  Proximity Accessibility Slope Elevation Density Form 
Proximity road network  --- 0.152 0.102 0.122 0.120 0.431 
Accessibility to central city   --- 0.507 0.613 0.537 0.356 
Slope   --- 0.635 0.372 0.238 
Elevation     --- 0.438 0.421 
Settlement density     --- 0.539 
Settlement form      --- 
Tab. 2 Pearson’s correlation among spatial variables  
3° step - Area change  
In this tab, land use/ cover change (Fig. 4) and transition probabilities are computed. Also land use/ cover 
change map produced. The land use/ cover units have been expressed in hectares.  
 
 
Fig. 4 Change map 
 
4° step - Transition potential modeling  
The method for computing transitional potential map is Artificial Neural Network (ANN). This method uses 
land use/cover information and the spatial variable as inputs for calibrating and modeling land use / cover 
change. The resulting data show the correlation ratio between the six variables (slope, road proximity, 
elevation, built concentration and accessibility -isocrones-). It is noticed from the result that the slope and 
elevation layers are inversely related to the other variables, which are inversely affected. The roads often 
need an equal area in order to facilitate street construction. The other variables are linked by direct links.  
5- Cellular Automata simulation:  
To build simulation maps, Molusce uses as a method of projection (among others) a neural network. In 
order to develop a network with adequate predictive capacity, it was necessary to train and test the ANN 
with different input data. Training involves presenting input values and adjusting the weights applied at each 
node according to the learning algorithm (e.g. back-propagation). ANNs were applied to the prediction of 
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land use change in four phases: (1) design of the network and of inputs from 5 spatial variables and a 
spatial historical map; (2) network training using a subset of inputs; (3) testing of the neural network using 
the full data set of the inputs; and (4) using the information from the neural network to forecast changes. 
Transitional potential map (Fig. 5), certainty function, and simulated land use/ cover maps are generated 
under this process. The cellular automata approach is based on Monte Carlo algorithm.  
 
Fig. 5 Transformation potential and sinulation of land use at year 2040 
 
5° step - Simulation  
The MOLUSCE plug-in provides the tools to conduct an analysis of transformation potentials. In fact, starting 
from the change maps, the system "learns" through the ANN which are the highest probabilities, for each 
pixel, of permanence of the present land use or of its variation (and in which direction this variation might 
take place). The rules that are built through the ANNs consider the spatial variables that influence changes 
and their weight. Through other tools, such as multi-criteria analysis or logistic regression, we could also 
build different hypotheses of relevance (correlation) between the spatial variables considered and the 
process of change in land use. All these techniques can lead to a progressive refinement of the model's 
ability to predict potential future uses with an increasing accuracy.   
6° step - Validation 
Validation computes Kappa statistics (standard kappa, kappa histogram, and kappa location), misses and 
false alarms are produced under this component.  
In order to predict future trends and change in the study area, we have been used transitional potential 
modeling (ANN) combined with Cellular Automata to forecast future changes in LU-LC between 1995 and 
2015. The result indicates that the probabilities of increasing area will be cover by settlement and forest 
areas (development vs abandon), and a relative permanence of intensive agriculture. In order to predict 
future trends and change in the study area, we have been used transitional potential modeling (ANN) 
combined with Cellular Automata to forecast future changes in LU-LC between 1995 and 2015. The result 
indicates that the probabilities of increasing area will be cover by settlement and forest areas (development 
vs abandon), and a relative permanence of intensive agriculture. About the analysis of changing land use, 
the land use forecast map elaborated with the combined system of ANNs and cellular automata, clearly 
shows how, in the scenario of the persistence of the current trends, the opposing dynamics of over-use and 
abandonment will be further developed in the next 25 years. While in some areas already historically 
urbanized or with strong and consolidated presence of agricultural activity we will observe phenomena of 
substantial persistence of uses, in the fringe areas we will alternatively will observe phenomena of further 
settlement development or abandonment phenomena with the advance of the forests and natural areas. 
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4 CONCLUSIONS  
The Land Transformation Model presented in this paper examines the relationship between 5 predictor 
spatial variables and land use changes. The model performs with a relatively high predictive ability (46%) at 
a resolution of 5x5 mt. By developing 5 versions of the LTM, each with one of the variables removed, we 
could assess the relative contributions of each variable on model performance. Similarly, if we set up 
simulations according to a different set of (spatial) variables (one set for each scenario), we could obtain 
different forecast results, processing a real scenario analysis. A set of alternative scenarios could then form 
the basis for carrying out preferential analyzes with multi-criteria methods.  
Using the ANN pattern file generated for the study area, we’ve applied the network file created from the 
control run to create a file with changing likelihood values for each location in the entire area. In order to 
obtain a reasonable result, we made several assumptions. First, we assumed that the pattern of each 
predictor variable remained constant beyond all the period. Spatial rules used to build the interactions 
between the predictor cells and potential locations for transition are assumed to be correct and constant 
over time. Third, the neural network itself was assumed to remain constant over time. Thus, the relative 
affect of each predictor variable is assumed to be stable. Finally, the amount of urban per capita undergoing 
a transition is assumed to be fixed over time. Given the availability of data (e.g. new roads, more temporal 
information about land use change and other variables), it is possible to relax many of these assumptions in 
order to examine the potential effect each of these assumptions have on the performance of model 
forecasts. In general, the simulation model is able to represent forms and dimensions of the change in land 
use and therefore the settlement structure of the area, highlighting what could be important trends in the 
near future, where the size of the dispersed settlement will go probably growing up.  
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ABSTRACT
Coastal cities represent the main vulnerable areas to the climate change impacts (especially to 
coastal ﬂ ooding) because of the high concentration of people and economic assets that will are 
foreseen to increase in 2100. Since cities are important sites of global climate actions, urban 
planning plays a key role in the climate change challenge. In particular, the deﬁ nition of urban 
adaptation strategies requires the adoption of a systemic approach. Through such an approach, 
indeed, it is possible to consider in a holistic way all elements, which affect the urban resilience 
of coastal areas to climate events, such as coastal ﬂ ooding. However, the literature review 
and the analysis of urban planning experiences have shown that procedures for assessing the 
resilience level of coastal cities and tools for addressing decision-makers to implement resilient 
policies and actions in these areas are not well established. Therefore, the aim of this work is 
the introduction of a methodology based on a systemic approach for providing urban planning 
actions in order to improve the resilience of more exposed urban areas to coastal ﬂ ooding. The 
proposed methodology takes into account the need to be implemented in a GIS environment to 
a case study. Moreover, it can be a useful tool for supporting the deﬁ nition of urban adaptation 
strategies in relation to coastal ﬂ ooding impacts.
KEYWORDS
Climate Change; Coastal Cities; Systemic Approach; Adaptation; Coastal Flooding
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1 INTRODUCTION  
Climate change represents one of the main future challenges at the urban level and cities are still facing its 
impacts. In this perspective, urban areas are recognized as vulnerable places but they also lead the climate 
action both at the global and local level. Therefore, spatial planning plays a key role in tackling climate 
change within the wider sustainable development perspective (Papa et al., 2015; Salata & Yiannakou, 2016).   
Considering the worst Representative Concentration Pathway (RCP) by the International Panel for Climate 
Change (IPCC), for 2010 the mean global temperature could pass 1.5°C, involving several effects such as 
variability in intensity and frequency of rainfall and sea level rise, among others. In particular, in accordance 
with the IPCC scenarios sea level could raise in a range between 0.26-0.55 m (for the low emissions RCP 2.6 
scenario) and 0.52-0.98 m (for the highest emission RCP 8.5 scenario) (Stocker et al., 2013). Therefore, 
coastal cities can be considered the most vulnerable urban areas: on one hand, coastal cities are 
characterized by high concentration of people and economic assets; on the other hand, these areas are 
potentially exposed to all the impacts of climate change, including coastal flooding. Indeed, future coastal 
flooding events will become more frequent and severe due to both the sea-level rise phenomenon and storm 
surges. As highlighted by the European Commission (2013), damage costs are estimated at about €25 billion 
annually if adaptation will be not implemented in coastal areas.  
In light of the above considerations, it appears increasingly clear that it is necessary to adapt coastal cities 
to make them more resilient to future flooding and guarantee a good quality of life and livability in the 
coastal urban communities. However, those cities are complex also due to the intersection of two different 
environmental contexts, land and sea. This complexity requires the adoption of a holistic approach, which 
considers all the factors of a coastal response to the flooding stimuli.  
Currently, urban studies on adaptation of coastal cities are still few and mainly based on the vulnerability 
assessment. Such approach can have several limitations in relation to the definition of effective urban 
measures because of its sectorial nature. Indeed, it considers some specific aspects of the urban system 
(mainly, geo-morphological and social ones) and does not include other important characteristics, including 
the distribution of the urban activities or the urban layout.  
However, the introduction of a resilience-based approach is becoming more common in urban planning and 
it seems to be more in line with the need to adopt a holistic approach in the challenge of climate change (De 
Gregorio Hurtado et al., 2015). Unfortunately, the spread of “resilience” definitions in literature represents a 
relevant limitation for its effective application, especially, in the development of tools for supporting the 
decision-making process of urban adaptation, particularly in complex urban contexts such as coastal cities. 
In detail, the vulnerability assessments and the definition of urban adaptation actions still represents two 
separate phases of the urban adaptation process, while their integration can represent an effective support 
in the definition of urban strategies in order to improve the whole urban resilience. 
In the light of this, this paper illustrates a methodology for support decision-makers in the definition of 
urban transformations able to improve the resilience of the urban coastal system in case of coastal flooding 
events through the adoption of a systemic approach.  
This contribution is composed of two parts. The former provides a review about the main studies on the 
topic and the main actions defined in adaptation strategies of coastal cities. Grounding on this, the latter 
describes the developed methodology and illustrates the preliminary results obtained by its application. 
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2 STATE OF THE ART  
In the last ten years, several studies have been developed for analyzing the relationships between cities and 
climate change impacts. In particular, urban studies gave a particular attention to analyze the relationships 
between urban areas and some specific climate change impacts due mostly to the increase in global mean 
temperature and the variability of precipitation pattern.  
Urban studies on sea-level rise (in general, coastal flooding) and its urban impacts, instead, are few. Indeed, 
although coastal cities play a strategic role at the territorial level (Nicholls et al., 2018) and represent the 
most exposed urban areas to the effects of climate change, scientific studies about these areas are mainly 
sectorial and consider coastal flooding impacts from a geomorphological and/or socio-economic perspective.  
In particular, from the analysis of the scientific literature, it emerged that the main studies on this topic 
concern the coastal vulnerability assessment based on the development of composite vulnerability indices.  
Even if these indexes have a similar denomination, they take into account different aspects of coastal 
vulnerability.  
According to Zanetti et al. (2016), it is possible to identify three different approaches to the vulnerability 
concept for the construction of composite indices in relation to the used variables that are: 
î the geophysical approach, which is focused on geographical characteristics of the coastal area; 
î the social approach, which is based on the socio-economic characteristics of the coastal community; 
î the socio-environmental approach, which summarizes characteristics of geophysical and social 
approches. 
 
VULNERABILITY 
APPROACH 
INDEX NAME AUTHORS SCALE 
Geo-physical 
Coastal Vulnerability Index (CVI) Gornitz et al., 1991 Regional 
Sensitivity Index (SI) Shaw et al., 1998 Regional 
Coastal Vulnerability Index (CVI) Thieler & Hammar-Klose, 1999 Regional 
Coastal Sensitivity Index (CSI) Karymbalis et al., 2012 Regional 
Social Social Vulnerability Index (SoVI) Cutter et al., 2003 Regional 
 
N.A. Wu et al., 2002 Regional 
Place Vulnerability Index (PVI) Boruff et al., 2005 Regional 
N.A. Li & Li, 2011 Regional 
Coastal City Flood Vulenrability 
Index (CFFVI) Balica et al., 2012 Urban 
Socio-Environmental Vulnerability 
Index for a Coastal Areas (SEVICA) Zanetti et al., 2016 Local 
Tab. 1 Vulnerability Indices in relation to coastal flooding 
 
As shown in Table 1, the concept of coastal vulnerability, initially based on the evaluation of geophysical 
characteristics, progressively has integrated the socio-economic characteristics. Indeed, some studies (e.g., 
Cutter et al., 2003) highlight the relevance of social factors in relation to the vulnerability of urban areas, 
such as the measure of the ability of communities to respond during an extreme climate event. Such ability 
also depends by the maintenance state of built environment.   
According to Balica et al. (2012), the choice of the variables is strictly influenced by data availability and 
spatial scale of reference (McLaughlin & Cooper, 2011). Indeed, the majority of vulnerability indices were 
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developed for a regional level (see Tab. 1), while vulnerability indices for the local level are few (i.e. Zanetti 
et al. 2016). In general, the evaluation of vulnerability at local level can contribute more effectively in the 
definition of urban adaptation actions in coastal areas in comparison with the indices developed to be used 
at the regional scale.  
Moreover, since indices have been developed for measuring the vulnerability of coastal areas, most of them 
are not able to support directly decision-makers in the definition of the urban adaptation actions for 
improving the responsive capacity of an urban area to a flooding event. Hence, in order to understand which 
urban adaptation actions could be implemented in coastal cities exposed to flooding impacts, five urban 
adaptation plans were analyzed (Tab. 2). They were chosen considering their innovation and the strategies 
adopted after a catastrophic event (e.g. New Orleans and New York) and the plans adopted to prevent likely 
extreme events, in particular coastal flooding.  
 
CONTINENT CASE STUDY ADAPTATION PLAN/STRATEGY YEAR 
America 
Boston Climate Ready Boston 2016 
New Orleans Greater New Orleans Urban Water Plan 2013 
New York One New York. The Plan for a Strong and Just City 2015 
San Francisco San Francisco Sea Level Rise Action Plan 2016 
Europe 
Copenaghen Copenhagen Climate Adaptation Plan 2011 
Rotterdam Rotterdam Climate Change Adaptation Strategy 2013 
Tab.2 The analysed adaptation strategies 
 
Based on possible forecasts, adaptation plans/strategies provide a series of urban adaptation actions in 
order to develop specific measures at the local level. In general, from the analysis of these plans and 
strategies, it is possible to identify three categories of adaptation actions in relation to the spatial level of 
reference. It is possible to distinguish: 
î Punctual actions, which include all the actions referred to the building scale; 
î Linear actions, which refer to infrastructure interventions; 
î Land actions, which are related to the new urban developments or urban redevelopments.  
In particular, there is a wide spread of Punctual and Linear actions even if Land actions are characterized by 
a more complexity of interventions. However, all the categories include actions that are related to integrate 
natural elements (Natural-Based Solutions) in the built environment in order to increase urban resilience 
(Pelorosso et al., 2018). 
Finally, the analysis of the indices developed and the urban adaptation plans and strategies shows that tools 
are not still capable to address urban transformations in coastal urban settlements in relation to the impacts 
of coastal flooding. One of the reasons of this gap is due to the wide use of a vulnerability-based approach 
to face such issue and, consequently, the adoption of a sectorial approach mainly referred to social and 
geomorphological features, while urban planning requires a more holistic approach for developing effective 
urban transformations (Papa et al., 2014). 
3 DEFINITION OF A METHODOLOGY BASED ON THE SYSTEMIC APPROACH  
The methodology was developed according to the General System Theory (von Bertalanffy, 1969) that has 
been widely applied to the analysis of urban phenomena (Gargiulo & Papa, 1993). According to this 
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approach, a coastal city can be interpreted as a system that is composed of four sub-systems: socio-
economic, physical, functional and geomorphological.  
Based on this approach, the methodology was articulated into three phases: 
î classification of urban coastal areas in relation to their physical and functional features; 
î definition of a new composite index for measuring the urban resilience of urban coastal areas; 
î definition of a set of urban adaptation actions. 
Furthermore, such methodology was set up considering the opportunity to implement it using Geographic 
Information Systems (GIS). From an urban planning perspective, indeed, GIS can effectively support the 
decision permits to manage, analyze, process and synthetize spatial data in order to support effectively the 
decision-making process (Huxhold, 1991).  
3.1 CLASSIFICATION OF THE URBAN COASTAL AREAS IN URBAN TYPOLOGIES  
In general, a classification of urban area typologies represents a key aspect for a better evaluation of the 
urban transformations that should be implemented (Gargiulo, 2014). 
Usually, scientific studies on this topic distinguish coastal areas in relation to the land use (e.g. McGranahan 
et al., 2005), while a classification based on functional and physical features of coastal areas is mainly 
considered in terms of the basic urban/rural dichotomy. However, this classification is not useful for 
understanding which interventions are possible to implement at the local level in order to increase their 
resilience. 
Hence, both in relation to the literature review and the analysis of the urban adaptation plans, a new 
classification was defined. The classes of urban coastal areas refer both to their physical and functional 
characteristics. In particular, the Urban Coastal Units represent classes of urban coastal areas that are 
homogenous in relation to their physical and functional features. In relation to these, coastal cities can be 
articulated into six urban coastal typologies that are:  
î Compact Urban Areas: urban areas characterized by high population density, high dense urban fabric, 
and a high functional stratification (e.g. historic centers and consolidated urban areas); 
î Monofunctional and Facility Urban Areas: urban areas characterized by a highly specialized function and 
a specific physical configuration (e.g. industrial and commercial areas, airports, station); 
î Residential Areas: residential areas characterized by medium and low population density (e.g. sub-
urban areas);  
î Tourist Facility Areas: urban areas characterized by a variable population density and by the presence 
of several accommodation facilities and activities related to tourism; 
î Potential Redevelopment Areas: urban areas abandoned that can potentially be planned for 
redevelopment (e.g. brownfield sites); 
î Natural Coastal Areas: coastal areas not urbanized and characterized by the presence of coastal 
ecosystems (e.g. wetlands).   
In order to articulate an urban coastal area in these categories, a set of five indicators was defined. These 
indicators refer to the land use and the land-use intensity of a coastal area. In relation to the land use, the 
Urban Atlas classification was taken into account. In particular, the 20 Urban Atlas’ classes were reduced 
into four land-use classes.  
In relation to the land-use intensity, the indicators are: 
î Population Density: it is measured as the number of inhabitants per square kilometer; 
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î Job-Housing Ratio (or Employment to Housing Ratio): it is measured as the number of employees and 
the number of inhabitants in the area;  
î Tourism Employment: it is measured as the percentage of workers in the tourism industry in relation to 
the total number of workers in the area; 
î Tourist Capacity: it is measured as the ratio of the total number of accommodation beds and the total 
of inhabitants in the area. 
In order to articulate coastal cities in these six urban typologies, a benchmark value has to be set for each 
land-use intensity indicators. After mapping these indicators, through the combination of the five maps, it is 
possible to obtain a classification of coastal cities according to the six urban coastal typologies as described 
above. 
3.2 DEVELOPMENT OF A NEW INDEX FOR MEASURING THE URBAN COASTAL RESILIENCE 
The literature review highlighted that there is a widespread use of coastal vulnerability indices. From an 
urban planning perspective, these indices do not take into account how the urban layout of coastal areas 
and their functional organization may affect their coastal vulnerability. Furthermore, these indices are based 
on the critical aspects of these areas and do not take into account those characteristics of the coastal urban 
system that may improve its response capacity during a coastal flooding event. Therefore, a new composite 
index was developed. Such index measures the “urban coastal resilience” that is the capacity of an urban 
coastal system to reach and maintain an acceptable level of functioning and structure during a coastal 
flooding. In this perspective, this index can be used in  urban planning for a better definition of the 
prevention and preparation stages (Etinay et al., 2018, van Dongeren et al., 2018) in order to reduce the 
impacts of coastal flooding on urban areas.  
Considering the literature review and the adaptation strategies’ analysis, twelve characteristics and their 
relative variables were identified. According to the systemic approach described above, those characteristics 
were articulated into four categories (Tab. 3).  
 
CATEGORY CHARACTERISTIC  CATEGORY CHARACTERISTIC 
Socio-economic 
Education  Functional Transport network  
Age   Ground floor uses 
Employment  Public facilities 
Physical 
Imperviousness degree  Geo-
morphological 
Slope  
Building typology  Water body  
Conservation of buildings  Distance from coastline 
Tab. 3 Index’s characteristics 
 
Concerning the weighting method for developing the index, a multi-attribute decision-making methods 
developed by Thomas Saaty (1987) was used, namely the Analytic Hierarchy Process (AHP) . About the 
choice of the aggregation method, the new index was developed as a linear aggregation of variables 
calculating the weights for each variable by means of the AHP technique.  
However, in order to use the AHP and considering the lack of information in literature about the relationships 
among the selected indicators’, a Delphi survey was necessary. Indeed, the Delphi study is used when “there 
is incomplete knowledge about a problem or phenomenon“. The Delphi study was carried out on an 
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international panel of 135 experts, composed of academics and researchers of the topic, professionals and 
technical experts working in public administration with experience on the issue of coastal flooding. After 
collecting the experts’ opinions, thanks to the AHP, it was possible to calculate the weights of each 
characteristic. In particular, to date, the opinions expressed by the experts highlight that the main 
importance is played by the geo-morphological characteristics (about 34%), while socio-economic ones have 
less influence on the urban resilience of a coastal area (18%). 
Finally, the index measures four urban coastal resilience’s levels, articulated as high, medium-high, medium-
low and low. 
3.3 DEFINITION OF THE URBAN ADAPTATION CLASSES 
Adaptation of urban coastal areas represents a need for coastal communities in order to reduce their 
vulnerability to coastal flooding impacts and, at the same time, it can be an opportunity for increasing the 
quality of life in those areas. The possible adaptation approaches for coastal communities are mainly three 
(Nicholls et al., 2007): 
î Accommodation: it considers modifications to the urban layout and organization in relation to the 
flooding exposure; 
î Protection: it includes the placement of natural (soft measures) or infrastructural (hard measures) 
barriers in an exposed area in order to reduce the impacts of flooding events;  
î Retreat: it concerns the delocalization of activities and communities from high-risk areas to low-risk 
areas. 
Although the differences among these three approaches, it is possible to articulate urban transformations 
referred to them according to systemic approach. Therefore, urban adaptation actions can be expressed by 
the concepts of (i) land use, (ii) land-use intensity, and (iii) urban form. 
Land use expresses the relationships between the urban activities localized in an area and the adapted 
urban space (Gargiulo, 2009). Land-use intensity indicates the amount and degree of urbanization of an area 
(Wellmann et al., 2018) in relation to its main urban function. Urban form refers to the urban physical 
characteristics that include housing type, street type, etc.  
In relation to these three urban factors, four classes of urban adaptation actions were defined:  
î Maintain the land use (1); 
î Reduce the land-use intensity and maintain the urban form (2); 
î Reduce the land-use intensity and change the urban form (3); 
î Change the land use (4). 
Each of these classes is linked to a specific adaptation approach. In particular, (1) and (2) are referred to 
the Accommodation approach, while (3) and (4) are respectively referred to the Protection and the Retreat 
approach. In relation to the resilience levels measured by the index described above, the range of the urban 
adaptation actions is inversely proportional to the urban coastal resilience level: if the resilience level is high, 
the urban transformations will be poor (e.g. A.1); otherwise, if resilience level is low, the urban 
transformations will be more significant (e.g. R.4). 
4 CONCLUSION  
This paper illustrates a methodology developed for supporting decision-makers in the definition of effective 
urban transformations that are able to reduce the impacts due to coastal flooding on urban areas. As 
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emerged from the literature review and the analysis of the adaptation plans, the difficulty to define spatial 
planning tools for supporting decision-makers in the definition of effective urban transformations of urban 
coastal areas depends from the use of approach based mainly on the vulnerability concept that considers 
specific urban aspects, in particular social and geo-morphological ones. Instead, the urban coastal 
adaptation is a complex issue that requires an approach that considers the complexity of urban coastal 
systems.   
In this perspective, the methodology described in this paper was developed adopting a systemic approach. 
This approach permits not only to consider the complexity of relationships between coastal cities and coastal 
flooding impacts but also to overcome the current limitations of the scientific debate. In particular, due to 
the sectorial approach adopted for the coastal vulnerability assessment, there is still a gap between the 
measurement of the ability of the coastal system to respond to flooding stimuli (resilience) and the definition 
of effective urban adaptation actions to reduce the impacts of coastal flooding. The use of the systemic 
approach, instead, provides more guarantees to fill this gap and support better decision-makers in the 
management of the future urban transformations along the coastline. Furthermore, in relation to these 
aspects, such methodology was developed considering its application in GIS environments in order to 
support more effectively the decision-making process.  
In this perspective, future developments of this work will concern the GIS implementation and the 
application of such methodology to a case study. In particular, it will be necessary to define an operative 
framework for the development of the methodology in the GIS environment. Hence, through the analysis of 
the case study’s application, it will be possible to not only assess the correctness of the methodology but 
also consider the opportunity to develop a new operative GIS-based tool for supporting more effectively 
decision-maker process. 
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ABSTRACT
The role of sustainability is becoming even more important in the framework of urban and spatial 
planning since human well-being is strictly correlated to environmental health. At the same 
time, new technologies are spreading and permit to have even more spatial information, also 
thanks to the open access to several satellite images. The topic of ecosystem services mapping, 
useful to provide an overview of the relationship between the environmental and the territorial 
and human dynamics, today is still under discussion since it is highly dependent on the type 
and availability of data, which is not always homogeneous for all the areas. Satellite data can 
be considered a solution since, in addition to providing homogeneous, continuous and real-time 
data, they provide quantitative and spatially explicit information that are currently spatialized for 
ecosystem services assessments with land use land cover maps. Vegetation indices not only are 
able to identify the distribution of vegetation, but also act as a proxy for mapping and quantifying 
different ecosystem services linked to biomass provision. A methodology of ecosystem services 
mapping and assessments on the basis of satellite data is presented in a case study. Through a 
multi-temporal series of Landsat 8 satellite images collected for the year 2016, the distribution 
and the magnitude of the ecosystem services associated to biomass provision are mapped 
using the SAVI (Soil Adjusted Vegetation Index). Such information is subsequently spatialized in 
relation to a land use land cover map. Finally, results are discussed on the basis of the spatial 
distribution of ecosystem services and their relationship with different land uses.
KEYWORDS
Ecosystem Services Mapping; Satellite Images; Soil Adjusted Vegetation Index; Plant Biomass; 
Land Uses
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1 INTRODUCTION  
The role of sustainability is becoming even more important in the framework of urban and spatial planning 
since human well-being is strictly correlated to environmental health. At the same time, new technologies 
(Information and Communication Technology – ICT) are spreading and permit to have even more spatial 
information, also thanks to the (relatively new) open access to several satellite images, which provide 
consistent and continuous series of real-time, spatially homogeneous and free of charge data. Even though 
Remote Sensing (RS) technologies are not that recent, their use has been spreading only in the last period, 
also thanks to the increasing number of free of charge satellite data provided by non-commercial satellites 
(e.g. Modis, Landsat, Sentinel). Data coming from satellite images have the potential to be related with 
other relevant spatial and non-spatial data in order to obtain different data and information products, using 
methods and tools regarding image analysis techniques, spatial and geo-statistical analysis within GIS-based 
frameworks. More relevant data coming from satellite images are Vegetation Indices (VIs). Furthermore, the 
management and analysis of geospatial data from multi-source databases provide important and complex 
information that can be used in the monitoring, analysis and assessment of environmental concerns, coping 
with current global challenges such as Climate Change (CC) and environmental sustainability of our cities 
and territories, which in turn can be communicated to decision-makers to drive and support the development 
of appropriate strategies and policies. 
In this framework, the application of Ecosystem Services (ES) helps to increase awareness that natural 
ecosystems provide the basis for human well-being, which is a core advantage of this concept (Koschke et 
al., 2013). Furthermore, ES will have a challenging role in reducing the vulnerability of society to CC (Vignola 
et al., 2009). ES are the benefits, like services and goods, people obtain from ecosystems (MA, 2005) and 
are distinguished in four categories: supporting services (services that are necessary for the production of 
other ES, e.g. nutrient cycling, primary production, soil formation), provisioning services (products obtained 
from ecosystems, e.g. food, fuelwood, fresh water), regulating services (benefits obtained from the 
regulation of ecosystem processes, e.g. climate regulation, water regulation, pest and disease control) and 
cultural services (nonmaterial benefits people obtain from ecosystems, e.g. aesthetic, spiritual, educational 
values). Because of the spatial peculiarity of ES, mapping their distributions and changes over time has the 
potential to aggregate complex information (Burkhard et al., 2012), e.g. for ES trade-offs analysis (Gissi et 
al., 2014, 2016, 2017). This visualization of ES can be used by decision-makers, e.g. land managers, as a 
powerful tool for the support of landscape sustainability assessments (Swetnam et al., 2011). As a 
supporting tool it can assist stakeholders and decision-makers (land managers, local or regional planning 
authorities) in developing sustainable land use strategies (de Groot et al., 2010; MA, 2005; Koschke et al., 
2013; Swetnam et al., 2011; TEEB, 2010) and toward a specific policy goal (Gissi et al., 2015). RS supplies 
consistent time series and real-time data for monitoring ES (Ayanu et al., 2012), providing more accurate 
and up-to-date information than land use land cover data. It allows not only the description of landcover 
spatial patterns but also a direct estimation of functional attributes of the ecosystems (Paruelo et al., 2016; 
Pettorelli et al., 2005), providing quantitative, spatially explicit, and (in some cases) physically based 
estimates of a number of the biophysical parameters that are currently spatialized for ES assessments with 
Land Use Land Cover (LULC) maps (Andrew et al., 2014). In particular, VIs can be used as an indicator of 
productivity during the vegetation growing season (De Araujo Barbosa et al., 2015), since they are able to 
define phenological variations and photosynthetic potential of crops, allowing to identify crops’ growth cycle 
and process (Brown & de Beurs, 2008; De Araujo Barbosa et al., 2015; Muukkonen & Heiskanen, 2005; 
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Prabakaran et al., 2013; Wall et al., 2008; Wardlow & Egbert, 2008). Thus, VIs not only are able to identify 
the spatial distribution of vegetation, but act as a proxy for mapping and quantitatively assessing the plant 
biomass provided by ecosystems (De Araujo Barbosa et al., 2015) and several ES linked with its provision. 
As reported in literature, these services – and the related biophysical processes generating them – are: 
climate regulation, through the process of carbon sequestration and storage by vegetation (Atzberger, 2013; 
De Araujo Barbosa et al., 2015; Egoh et al., 2007; Feng et al., 2010; Pettorelli et al., 2014; Rembold et al., 
2013; Zurlini et al., 2014;); soil erosion regulation, occurring thanks to the vegetation cover of soil (Andrew 
et al., 2014; Ayanu et al., 2012; De Araujo Barbosa et al., 2015; Kandziora et al., 2013), which helps to 
reduce the water and wind erosion; natural hazard regulation, through the process of mass stabilisation 
fostered by the vegetation cover of soil (De Araujo Barbosa et al., 2015); water cycling and regulation, 
through the structural and functional properties of vegetation (Zurlini et al., 2014), which feed this cycle, 
filtering and purifying the water; maintenance of soil fertility, through the structural and functional 
properties of vegetation (Ayanu et al., 2012; Zurlini et al., 2014), which establish a mutual relationship with 
the soil, feeding the nutrient cycle; net primary productivity, through the process of capture of the solar 
energy from the chlorophyll (Zurlini et al., 2014). 
A methodology of ES mapping and assessment on the basis of satellite data is presented in a case study, by 
analysing the distribution and the magnitude of ES linked to the provision of biomass, mapped using a VI as 
a proxy, in relation to a LULC map. Results are discussed on the basis of the spatial distribution of ES and 
their relationship with the different land uses and territorial dynamics. 
2 METHODOLOGY OF ECOSYSTEM SERVICES MAPPING USING SATELLITE DATA: A 
CASE STUDY 
The case study area corresponds to the Province of Rovigo (Veneto Region, Northern Italy). A multi-
temporal series of eight satellite images (Landsat 8) at 30m spatial resolution have been collected for the 
year 2016, so as to cover all the seasons and, consequently, all the stages of the vegetation growing cycle. 
The use of the multi-temporal series of satellite images, not only provide a more accurate classification 
(Prishchepov et al., 2012), but also allows to map the seasonal vegetation (located especially in agricultural 
crops) that otherwise, using a single image, is unlikely to be identified if the date of acquisition does not 
cover the vegetation/crop growing season. For each one of the eight images, the VI called Soil Adjusted 
Vegetation Index (SAVI) was obtained through the calculation of the ratio between two spectral bands (red 
band and NIR – near-infrared – band) 1. Then, the annual average value of the SAVI was calculated from 
the eight images. From the SAVI annual average value image, wherein to higher SAVI values it corresponds 
a greater presence of plant biomass throughout the year, it was possible to obtain the spatial and 
quantitative distribution of ES linked to biomass provision, mapped using the VI as a proxy. 
Subsequently, in order to understand the relationship between these ES and the territorial and human 
dynamics, the SAVI annual average value image has been associated with the regional LULC map of Veneto 
Region (level III of the Corine Land Cover classification). The method is based on the overlapping of the 
SAVI annual average value image on the LULC map, computing a geo-statistical calculation which combines 
to each object of the LULC map the corresponding SAVI average value of all the pixels located within the 


1 Formula of the SAVI: (1 + L) * (NIR band – RED band) / (NIR band + RED band + L), where L is the correction factor 
for the soil brightness, defined as 0.5 to accommodate most land cover types. 
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perimeter of the object itself 2. In this way, it is possible to know the capacity of the territory and different 
land uses to provide ES linked to biomass provision. 
3 RESULTS 
Fig. 1 shows the map related to the spatial distribution of the SAVI annual average value within the territory 
of the province of Rovigo, obtained from the eight satellite images of the time series. 
 
 
Fig. 1 Map of the SAVI annual average value for the year 2016 (up) and map of the regional LULC – only terrestrial ecosystems – (down) 
 
Associating the map of the SAVI annual average value with the LULC map shown in Fig. 1, by applying the 
method previously described, three maps related to the capacity of the territory (and of each object and 
LULC class) of the province of Rovigo to provide ES linked to biomass provision has been elaborated, 
according to the different terrestrial ecosystems: artificial surfaces (Fig. 2), agricultural areas (Fig. 3) and 
forest and semi-natural areas (Fig. 4). In addition, for each one of the three maps, the SAVI average value 
of the objects located within each LULC class was calculated (Tables 1, 2, 3). 
The LULC classes related to the artificial surfaces having the higher SAVI values, besides the class “airports” 
(it’s about an herbaceous airfield), are the ones related to the “green urban areas” and “sport and leisure 
facilities”, followed by “soil with special uses (under transformation)” and “widespread urban fabric”. The 
classes having lower SAVI values are the ones related to the “continuous urban fabric”, “port areas” and 
“Industrial or commercial units”. 


2 The analysis has been carried out on the terrestrial ecosystems, corresponding to the LULC classes related to 1. 
Artificial surfaces, 2. Agricultural areas and 3. Forest and semi-natural areas. 
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Fig. 2 Map of the capacity of the territory, related to the artificial surfaces, to provide ES linked to biomass provision 
 
LULC CLASSES (ARTIFICIAL SURFACES) SAVI VALUE AREA (HA) 
1.1.1. Continuous urban fabric 0.14 77 
1.1.2. Discontinuous urban fabric 0.29 6,417 
1.1.3. Widespread urban fabric 0.32 2,956 
1.2.1. Industrial or commercial units 0.24 3,554 
1.2.2. Road and rail networks and associated land 0.28 2,274 
1.2.3. Port areas 0.14 55 
1.2.4. Airports 0.45 8 
1.3.1. Mineral extraction sites 0.29 69 
1.3.2. Dump sites 0.28 41 
1.3.3. Construction sites 0.29 271 
1.3.4. Soil with special uses (under transformation) 0.33 269 
1.4.1. Green urban areas 0.34 723 
1.4.2. Sport and leisure facilities  0.35 725 
1. ARTIFICIAL SURFACES 0.30 17,439 
Tab. 1 SAVI average value of the objects within LULC classes related to the artificial surfaces 
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Fig. 3 Map of the capacity of the territory, related to the agricultural areas, to provide ES linked to biomass provision 
 
LULC CLASSES (AGRICULTURAL AREAS) SAVI VALUE AREA (HA) 
2.1.1. Non-irrigated arable land 0.34 1,363 
2.1.2. Permanently irrigated land  0.32 124,959 
2.2.1. Vineyards  0.37 548 
2.2.2. Fruit trees and berry plantations 0.38 2,202 
2.2.4. Other permanent crops 0.38 1,274 
2.3.1. Pastures 0.36 2,350 
2.3.2. Permanent grassland 0.33 2,584 
2.4.1. Annual crops associated with permanent crops 0.33 6 
2.4.2. Complex cultivation patterns  0.36 500 
2. AGRICULTURAL AREAS 0.35 135,786 
Tab. 2 SAVI average value of the objects within LULC classes related to the agricultural areas 
 
All the LULC classes related to the agricultural areas have similar SAVI values. The ones related to the “fruit 
trees and berry plantations” and “other permanent crops” have slightly above SAVI values, while the class 
related to the “permanently irrigated land” has a slightly below SAVI value. 
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Fig. 4 Map of the capacity of the territory, related to the forest and semi-natural areas, to provide ES linked to biomass provision 
 
LULC CLASSES (FOREST AND SEMI-NATURAL AREAS) SAVI VALUE AREA (ha) 
3.1.1. Broad-leaved forest  0.37 2,210 
3.1.2. Coniferous forest  0.41 233 
3.2.1. Natural grasslands  0.27 2 
3.2.2. Moors and heathland  0.37 95 
3.2.3. Sclerophyllous vegetation  0.41 39 
3.3.1. Beaches, dunes, sands  0.14 712 
3.3.2. Bare rocks  0.17 4 
3. FOREST AND SEMI-NATURAL AREAS 0.34 3,295 
Tab. 3 SAVI average value of the objects within LULC classes related to the forest and semi-natural areas 
 
The LULC classes related to the forest and semi-natural areas having the higher SAVI values are the ones 
related to the “coniferous forest” and “sclerophyllous vegetation”, followed by “broad-leaved forest” and 
“moors and heathland”. The classes having lower SAVI values are the ones related to the “Beaches, dunes, 
sands” and “bare rocks”. 
4 DISCUSSION 
The analysis of the capacity to provide ES linked to biomass provision of each LULC class allows to identify 
the role of the different land uses, which lie behind the territorial and human dynamics, in supplying such 
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ES, in coping with the sustainability and resilience of our society and territories. In the case study area of 
the province of Rovigo, the SAVI mean value of all the objects related to the terrestrial ecosystems is 0.32. 
In general, the artificial surfaces, as expected, show a lower SAVI mean value (0.30), demonstrating a lower 
capacity to provide ES linked to biomass provision than the agricultural areas and the forest and semi-
natural areas, which show similar SAVI mean values (respectively 0.35 and 0.34). Analysing single LULC 
classes, it results that the “coniferous forest” and the “sclerophyllous vegetation” (both related to forest and 
semi-natural areas) are the ones with the highest capacity to provide such ES, followed by the classes 
related to the “fruit trees and berry plantations”, “other permanent crops” and “vineyards” (related to 
agricultural areas), and “broad-leaved forest” and “moors and heathland” (related to forest and semi-natural 
areas). All these classes are marked by a common factor: they are all characterized by trees, shrubs or 
woody crops, emphasizing the importance of providing ES of such vegetation types. The area covered by 
these classes (6,601 ha) is only the 4% of the whole case study area (156,520 ha). Other classes with a 
higher than normal (SAVI value > 0.32) capacity to provide ES linked to biomass provision are the ones 
related to the other types of cultivation in agricultural areas (except “permanently irrigated land”) and the 
artificial surfaces related to “sport and leisure facilities”, “green urban areas” and “soil with special uses 
(under transformation)”. “Permanently irrigated land” is the most common LULC class within agricultural 
areas (92% of the whole agricultural surface), while simultaneously is the LULC class within agricultural 
areas with the lower capacity to provide ES linked to biomass provision. Concerning the artificial surfaces, of 
great importance for the provision of ES are the areas for sport and leisure activities and the urban green 
spaces (1,448 ha), covering the 8% of the whole artificial surfaces (17,439). Most of the artificial surfaces 
(87%) are covered by classes related to “discontinuous urban fabric” (6,417 ha), “widespread urban fabric” 
(2,956 ha), “industrial or commercial units” (3,554 ha) and “road and rail networks and associated land” 
(2,274). All these classes have a lower than normal (SAVI value < 0.32) capacity to provide ES linked to 
biomass provision, except “widespread urban fabric”. It is worthwhile underlining that this latter class has 
the highest capacity to provide ES between all the classes related to urban fabric, even though the urban 
sprawl is considered to produce environmental degradation (Johnson, 2001). It is also true that, if 
“widespread urban fabric” class covered less areas, it could be room for LULC classes with higher capacity to 
provide ES (e.g. forests).   
5 CONCLUSION 
This study presents a methodology of ES mapping using a multi-temporal series of satellite data and a LULC 
map, suggesting an innovative spatial approach for the analysis of the relationship between the territorial 
and human dynamics and the provision of ES, which could support a better and more sustainable 
management of the territory. Such methodology can be easily replicated in other case studies because of the 
intrinsic characteristics of (non-commercial) satellite data: large spatial coverage, timely availability, 
temporal continuity and free access. The case study of the province of Rovigo shows, once again, the 
important role in providing ES played by forests and vegetated semi-natural areas, as well as by the urban 
green spaces and recreational areas within the urban settlements. However, they cover only a small part of 
the case study area. Moreover, it shows that most of the agricultural lands is cultivated with crop types and 
cultivation techniques that do not allow a high provision of ES. This analysis wants to stimulate further 
remarks and insights about the relationship between the provision of ES and the territorial and human 
dynamics, in order to support a better planning and management of the territory for the enhancement of the 
environmental sustainability and human well-being. 
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In these last ten years, TeMA Journal has published several international studies and researches supporting the 
scientific debate on the urban complexity and the future challenges of urban areas. Thus, the three issues of the 
12th volume will think again the debate on the definition and implementation of methods, tools and best practices 
connected to the evolution of the main scientific topics examined in depth in previous TeMA Journal volumes. 
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ABSTRACT
Participatory modelling (PM) techniques aim at involving stakeholders and local communities’ 
knowledge to support risks assessment management in social-ecological systems (SES). 
Understand SES complexity means consider unique socio-economic and cultural values, 
direct and indirect experiences, political characteristics that have inﬂ uenced the formation 
of a community’s risk understanding and local knowledge. Comprehending the complexity 
of these interactions could help to exchange information and knowledge, leading to a better 
comprehension of the problem formulation through social learning processes and to facilitate 
conﬂ ict resolution. Evidences demonstrated that there is the need to require not only a deep 
understanding of the main physical phenomena to be addressed, but also a knowledge about 
stakeholders’ type, level of cooperation between different stakeholders and their risk perception. 
Once the problem is well understood, and stakeholders included in the process, it is possible 
to ﬁ nd more efﬁ cient adaptive management solutions to enhance the resilience of the system. 
For this reason, to improve risk management processes, it should be considered physical risk 
and social response in an integrated way. Starting from a literature review, the aim of this work 
is to demonstrate the role of PM techniques in adaptive risk management to collect knowledge 
and improve SES management. Speciﬁ cally, coastal systems (CS) have been analysed. CS are 
particularly vulnerable to climate change negative impacts. In this sense, it is important to 
understand that vulnerability is socially constructed and not only determined by the occurrence 
of a physical event.
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1 INTRODUCTION  
A SES perspective helps to place regime shifts within an integrated human-environment context in which 
social outcomes are contingent upon ecological processes and vice versa (Nayak, 2014). Berkes and Folke 
(1998) define SES as complex system. Understand SES complexity means consider unique socio-economic 
and cultural values, direct and indirect experiences, political characteristics that have influenced the 
formation of a community's risk understanding (Renn & Rohnmann, 2000) and local knowledge refers to the 
actor’s information about environment in which they live (Robertson & McGee, 2003). To collect these 
information, PM techniques represent a tool for involving stakeholders and local communities’ knowledge to 
support risk assessment management in SES. 
Specifically, “participation to support the decision” to manage the complexity in coastal zones would help to 
address the most efficient solutions to make the most of the natural resources available in a broad and 
flexible manner (Elliff & Kikuchi, 2015).  
In this paper, through a literature review, CS as SES will be analyzed, to understand the role of PM 
techniques in adaptive risk management. CS are particularly vulnerable because of resources 
overexploitation of and the overdevelopment in terms of urbanization and infrastructures. Furthermore, they 
are also vulnerable because of climate change negative impacts (Marengo et al., 2017; Masselink & Gehrels, 
2014; Usaid, 2009). 
For these reasons, it is necessary to better understand the complexity of the linkages between CS evolution 
and human society, improving a historically-informed understanding of the interconnections between cities 
and their environments and particularly between cities and the sea (Mosley, 2014). 
2 THE ROLE OF PARTECIPATORY MODELLING IN ECOSYSTEM BASED 
MANAGEMENT   
In the last years, several scientific approaches on natural risk management have conceived SES as complex 
and adaptive systems (Pollnac et al., 2010). The most notable example to deal with complexity in SES is 
Ecosystem Based Management (EBM) (Giebels et al., 2016). EBM has been advocated at international level 
as the best strategy to cope with climate change, lands and oceans protection and to manage human 
activities in a sustainable way (Arkema et al., 2017; Bigagli, 2016). For instance, several European case 
studies on the application of an EBM approach to improve ecosystem services are available in scientific 
literature (Bigagli, 2016; Giebels et al., 2016; Long et al., 2015) 
EBM stresses the need to perceive SES as complex systems formed by human and environmental elements 
(Giebels et al., 2016).  
Berkes and Folke (1998) define SES as complex, integrated systems in which there are a mutual feedback 
between ecological and social subsystems (Nayak & Armitage, 2018). SES are characterized by uncertainty 
of information, non-linearity of process and self-organization that results (Levin, 1999), and unpredictable 
effects also across scales (Giebels et al., 2016).  
SES complexity is due as different fields, actors and policy levels are involved (Bache & Flinders, 2004; 
Paavola et al., 2009; Pierre & Peters, 2000). Since policy levels and actors are multiple in such settings, 
(Bache and Flinders, 2004) complexity management might be necessary (Cash et al., 2006). This seems true 
for complex issues related to environment, where decision-making processes are amplified or attenuated by 
public hierarchies to multisectoral, transversal, and holistic collaborative arrangements (Ricart Casadevall, 
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2016). Long et al. (2015) listed the key information to develop an EBM strategy as assessment of nature of 
ecosystem considering spatial and temporal scales, inclusion of adaptive and integrated management, use of 
scientific knowledge, stakeholders involvement to collect information and knowledge about human- 
environmental network. Literature shows the existence of different types of participation including a diverse 
range of activities: from passive participation, in which the objective is just to inform people, to co-
management, in which the participants perform the syntheses and include them in a joint decision making 
process (Voinov and Brown Gaddis, 2008). This paper focuses on “participation to support the decisions”. 
Several examples show the importance of stakeholders’ involvement in order to increase the effectiveness of 
decision support system (DSS) (Sandink, et al., 2016).  
2.1   PARTICIPATION TO SUPPORT THE DECISIONS IN ORDER TO MANAGE THE COMPLEXITY 
OF SES  
Using ‘participation to support the decisions’ to collect knowledge and manage the complexity of SES offers 
three main benefits. According to Maskrey et al, 2016: (i) normative benefits, that enhance citizen 
empowerment, equity and social justice in decision making process (e.g. Renn et al., 1998); (ii) instrumental 
benefits, that enhance the legitimacy of evidence and decisions, and the trust that is afforded to them (e.g. 
Gaddis et al., 2010; Voinov & Bosquet, 2010) and (iii) substantive benefits, that enhance the quality of the 
decisions (e.g. Stirling, 2006). Despite these advantages are recognized in many case studies, often 
stakeholders are not involved in the decision process (Sandink et al., 2016). This depends on community 
policies, engagement strategies, lack of funding (McIntosh et al., 2011; Quinn, 2010). One of the most 
common causes of DSS failure is the limited problem understanding due to a failure to structure or a lack of 
information (Quinn, 2010). According to Tsoukiàs (2008), for a given representation of the problem situation 
the analyst proposes to the stakeholders a ‘‘problem formulation’’. An understanding of the problem situation 
is considered a starting point in the stakeholder engagement and DSS development process. There is not 
optimal mode to stakeholders’ involvement in the development of DSS but the choice is based on the socio-
environmental context (Sandink et al., 2016). However, many authors have articulated general principles 
and practices in order to improve the effectiveness of the DSS process (E.g. McIntosh et al., 2011; Voinov & 
Bousquet, 2010). Some examples have been highlighted as an initial discussion between stakeholders, 
before the process begins, in order to correctly structure the problem situation (McIntosh et al., 2011); the 
inclusion of experts and non- experts knowledge (Oliver et al., 2012). A knowledge gap still exists about 
which type of factors we need and in which type of context (Runhaar, 2009). Understanding the interactions 
among different decision-makers is a relevant step for mitigating the conflicting interpretation of information 
due to differences in knowledge, values and beliefs (Giordano et al., 2017; Wolbers & Boersma, 2013) and 
to increase stakeholders’ awareness about a problem situation  to improve DSS process. To this aims, taking 
PM in EBM, and specifically use the ‘participation to support the decision’ to manage the complexity in 
coastal zones, would be to address the most efficient solutions to make the most of the natural resources 
available in a broad and flexible manner (Elliff & Kikuchi, 2015). Understanding the relationships among CS 
and people reflects an important and international sustainability challenge (Armitage, 2007).  
3   THE CASE OF COASTAL SYSTEMS  
CS are naturally dynamic systems, subjected to modifications of forms and processes at different time and 
space scales due to geomorphological and oceanographical factors (Mustelin et al., 2010). In particular, they 
141 
 
 
 
(QYLURPHQWDODQGWHUULWRULDOPRGHOOLQJ
IRUSODQQLQJDQGGHVLJQ
,6%1
'2,
)HGRD3UHVV
G. Motta Zanin, S. Santoro 
constantly change in response to winds, waves and tides (Mustelin et al., 2010). Coastal areas are the 
preferred sites for urbanization (Masselink & Gehrels, 2014). As a matter of fact, more than half of the 
worldwide population live within 100 kilometers from the coastline (Leslie et al., 2015) and the population 
density is larger than the average with future population growth projections that are the highest worldwide 
(Masselink & Gehrels, 2014).  
Many uses are taking place in the coastal zones for the wide range of essential resources and activities, e.g. 
human occupation, navigation and communication, living marine resources, mineral and energy resources, 
tourism and recreation, coastal infrastructure development, coastal environmental quality protection and 
beach and shoreline management (Masselink & Gehrels, 2014). 
Some of these uses produced the overexploitation of resources and the worsening of CS resilience ( 
Marengo et al., 2017; Masselink & Gehrels, 2014; Usaid, 2009). In particular, as highlighted by Masselink 
and Gehrels (2014) the “overdevelopment of the coast in terms of urbanization and infrastructure has 
significantly increased our vulnerability to coastal erosion and flooding”.  
Moreover, CS are vulnerable to climate change impacts, in particular by the pressures given by sea level rise 
(Masselink & Gehrels, 2014; Usaid, 2009). Climate change will continue to impact coastal communities, 
affecting approximately 2.7 billion people, and ecosystems, increasing the exposition to specific hazards such 
as flooding, coastal erosion, salt water intrusion and ecosystem loss together with extreme climate events 
(Adger, 2005; Dolan & Walker, 2017; Usaid, 2009; Marengo et al., 2017; Mosley, 2014; Mustelin et al., 
2010; Raadgever et al., 2016; Tobey et al., 2010). These biophysical changes exacerbated by climate 
change would provoke several socio-economic impacts such as loss of infrastructures and coastal resources 
with the decline of economic, ecological, cultural and subsistence (Masselink & Gehrels, 2014; Najib et al., 
2015). 
3.1   MANAGING THE COMPLEXITY OF COASTAL SYSTEMS 
In the light of the above, it is necessary to better understand the complexity of the linkages between CS 
evolution and human society, improving a historically-informed understanding of the interconnections 
between cities and their environments and particularly between cities and the sea (Mosley, 2014).  
According to Usaid (2009), vulnerability assessment for climate change in coastal areas regards three factors 
“i) the nature and magnitude of climate variability and change; ii) the human, capital, and natural assets 
that will be exposed to and impacted by climate change; and iii) the current capacity of coastal communities 
and ecosystems to adapt to and cope with climate impacts” (Usaid, 2009). 
In this sense, vulnerability, seen as a sum of actions and processes, should be considered as a socially 
constructed and not only determined by the occurrence of a physical event (Dolan & Walker, 2017; Mustelin 
et al., 2010). In CS an increase of adaptive responses will be required to cope with the negative impacts 
enhanced by global environmental change (Adger, 2005). 
As stated by Weinstein et al. (2007) “the successful implementation of sustainable coastal management 
depends on, and is driven by, societal values.” There is the necessity to better understand the human-
induced causes and the social drivers of environmental changes and the way human behaviors could 
coincide with environmental and social priorities (Weinstein et al., 2007). 
Literature underlines the necessity to improve science-based and participatory decision-making processes for 
effective management of CS (Granek et al., 2010) and states EBM as one of the approaches put forward to 
improve management (Christensen et al., 1996; Granek, 2010; McLeod et al., 2005; Slocombe 1998).  
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Just to give some examples, in the Urdaibai Estuary (Basque Country, Northern Spain), as in many other 
Mediterranean coastal zones, many different interests coexist resulting in difficulties to manage the system 
in a sustainable way leading to a great challenge. Thanks to a two-year collaborative research process, the 
improvement of the integration of different expertise and values, through a mutual learning process, led to 
define relevant policy options and decisions in the face of complexity, value conflict and unavoidable 
uncertainty (Garmendia et al., 2010). Furthermore, Boström, Dreyer, and Jönsson (2011) focused their 
research on the challenges for stakeholder participation and risk communication in the Baltic Sea. What 
emerged from this study was that the inclusion of a broad range of actors has the potential to facilitate 
environmental risk governance. 
Risk and vulnerability perceptions of stakeholders and local communities play a crucial role in building 
inclusive and responsive decision-making adaptation processes (Bonatti et al., 2016; Slovic, 1987). 
Moreover, the investigation of public perceptions is necessary for the comprehension of adaptation and 
transforming vulnerability states (Bonatti et al., 2016; García de Jalón et al., 2013). Community level 
perceptions nowadays and historical memory could also help to investigate the peculiarities that enable 
and/or constrain communities to respond, recover and adapt (Mosley, 2014). In this sense, it seems clear 
that scientific views of changes could be more efficacious with the inclusion of local knowledge systems ( 
Marengo et al., 2017; Mosley, 2014). 
Coastal communities need to enhance their knowledge of local climate change consequences and to explore 
preferences for adaptation options, to build resilience of CS (Marengo et al., 2017).  
For this reason, there is the necessity and urgency to include coastal communities’ participation in coastal 
adaptation strategies as part of effective coastal management (Usaid, 2009). 
As a matter of fact, it seems clear that risk adaptive management strategies should be considered more and 
more as a governance issue because they are not only a technical matter (Raadgever et al., 2016). It is 
important to work in the direction of proactive adaptation strategies because they “aim to address the full 
range of coastal climate change hazards in ways that meet social objectives” (Tobey et al., 2010). 
4   CONCLUSION  
Starting from a literature review, the paper has tried to demonstrate the role of PM techniques in adaptive 
risk management to collect knowledge and improve SES management. 
As a matter of fact, it has been highlighted that expert knowledge is insufficient to deeply understand a 
problem situation. Instead, it is recognized that in many decision-making processes the adoption of a 
participatory paradigm is needed to build a co-production knowledge. PM techniques, and specifically the 
“participation to support the decision” type, are very important to increase the effectiveness of DSS of 
problematic situations and, despite an increasing array of successful applications of a PM in EBM approach 
towards climate change impacts in coastal environments, planning and implementing adaptation strategies is 
still under development.  
Furthermore, the analysis of the case of CS allows to highlight the necessity to improve science-based and 
participatory decision-making processes for effective adaptive management. 
In this step, the analysis of general risks on CS has been taken into consideration. Moreover, the research 
will continue through a more deeply analysis of one of the main risks due to the increase of the exposition to 
specific hazards related to CS. 
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ABSTRACT
Landsat 8 satellite images will be collected to determine how urban heat islands have changed 
in Antofagasta during the period between June 2013 and March 2018. In this way its possible 
to determine whether or not there has been an increase in Surface temperaturas in the city 
and in different sectors that can mean heat sources within the city. The results obtained will be 
compared with records of atmospheric temperatures, where the values will be collected by datta 
loggers, which are under the FONDECYT 1100657 project, which seeks to assess how climate 
change is affecting different urban centers in the country. With each one of these antecedents, 
it will be possible to verify the evolution that has manifested the temperature itself during the 
last 5 years, with the possibility of projecting the results to a future and to verify if the city can 
be affected by climate change.
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Urban Heat Islands; Climate Change Surface Temperatura; Landsat Images
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1 INTRODUCTION  
The phenomenon of urban heat island (UHI) is that cities tend to be, especially at night, warmer than the 
rural environment or less urbanized that surrounds them (Oke, 1973, 1976). Singularly, the urban area that 
presents higher temperatures often coincide in the center of the cities, where the constructions and buildings 
form a dense and compact set. The main causes that contribute to the generation of heat islands are (Romero 
& Sarricolea, 2006; Romero & Molina, 2008): Thermal and calorific properties of building materials; 
anthropogenic heat production from the different activities and combustion processes, and increased 
absorption of solar radiation, due to the capture effect produced by the unique geometry of streets and 
buildings. In the last years, UHI intensity of South American cities has increased in 1-2 ºC per decade (Carrasco 
et al., 2017; Inostroza, 2014), placing the phenomenon among the most visible effects of climate change. To 
assess correctly the UHI intensity is the first step in defining adaptation and mitigation strategies (Monge-
Barrio & Sanchez, 2018; Pinto, 2014; Sosa et al., 2017).  Antofagasta is a city that is located in the north of 
Chile within the climate that is known as coastal desert, characterized by its aridity. Largely determined by the 
influence of the Pacific Anticyclone. The temperatures are moderate (they border the 18°C) and have low 
thermal amplitude both daily and annually. In addition, rainfall is scarce. However, there is no record of how 
the heat islands have varied within the city, unlike other cities in Chile, such as Santiago or Valparaíso. 
Therefore, in the next investigation, Landsat 8 satellite images will be collected within the area where 
Antofagasta is located. Then, they will be entered into the ArcGis software, which is a program that allows 
studying different environmental, geological, geographical variables, etc. In this opportunity, it will be used to 
calculate the surface temperature that has existed in Antofagasta during the last 5 years and in this way, verify 
how the climate change has manifested in the city (Nichol, 1996; Stathopulou & Cartalis, 2007).  
2 METHODOLOGY 
2.1  SELECTION OF SATELLITE IMAGES LANDSAT 
Will look for photographs that are available within the UTM 19 H projection (area where Antofagasta is 
located), and then determine which will be used for the investigation. The requirements that must be taken 
into consideration to accept an image and be able to carry out research studies are: No clouds can be perceived 
that hinder the visual of the city and, in addition, it must be close to the solstices and equinoxes of every year. 
It must be taken into consideration, that the Landsat image covers a large area of what corresponds to the 
region of Antofagasta, so a polygon must be created that encloses only the area of the city, which is done 
once satellite photography is incorporated into the ArcGis software. Then, tables are presented that show the 
dates that were chosen for the analysis of the research, in addition to the time they were captured and the 
percentages of perceptible clouds within the Landsat image. 
2.2  CALCULATION OF THE SURFACE TEMPERATURE 
For this analysis, the SW algorithm will be used. This equation is based on the fact that the radiation absorbed 
by the atmosphere is proportional to the difference in brightness between the simultaneous measurements at 
two different wavelengths, corresponding to the two bands of the TIRS sensor. From the data measured by 
the sensor, the reflected energy can be obtained, since the spectral irradiance measured is a consequence of 
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the reflection of the electromagnetic radiation in the covers. This reflection is coded with a numerical value, 
which is called DN (Digital number), according to the specific calibration coefficients for each sensor. 
 
AUTUMN EQUINOX WINTER SOLSTICE 
DATE CLOUDS (%) HOUR DATE CLOUDS (%) HOUR 
21-03-2014 0.11 10:39 06-06-2013 7.23 9:43 
08-03-2015 0.08 10:38 09-06-2014 6.20 9:41 
26-03-2016 0.08 10:39 12-06-2015 9.08 9:40 
29-03-2017 2.06 10:39 14-06-2016 0.20 9:41 
16-03-2018 0.19 10:38 17-06-2017 1.52 9:40 
Tab. 1 Time of the dates chosen for the calculation of the surface temperature in the period of the autumn equinox and winter solstice 
 
SPRING EQUINOX SUMMER SOLSTICE 
DATE CLOUDS (%) HOUR DATE CLOUDS (%) HOUR 
10-09-2013 0.19 10:42 31-12-2013 4.50 11:33 
29-09-2014 3.15 10:38 18-12-2014 13.72 11:30 
02-10-2015 9.88 10:38 06-01-2016 0.04 11:33 
18-09-2016 9.17 10:39 23-12-2016 0.13 11:41 
20-08-2017 4.01 10:40 28-01-2018 0.21 11:34 
Tab. 2 Time of the dates chosen for the calculation of the Surface temperatura in the periodo f the spring equinox and summer solstice 
 
Given that these coefficients are known, the inverse process can be performed, thus obtaining the values of 
spectral irradiance detected by the sensor from the DN. To apply the formula of the SW algorithm, it is essential 
to know these irradiance values. The OLI and TIRS sensor bands can be converted to spectral irradiance 
values as follows: 
ܮఒ ൌ ܯ௅ כ ܳ஼௔௟ ൅ ܣ௅
ܮఒ: Spectral irradiance at the sensor opening (W/sq.m*ǋm). 
ܯ௅: Multiplicative re-scaling factor of the metadata specific band (RADIANCE_MULT_BAND_x, where x is the 
band number). 
ܣ௅: Additive rescaling factor of the metadata specific band (RADIANCE_ADD_BAND_x, where x is the band 
number). 
ܳ஼௔௟: Value of the standard product of the quantized and calibrated pixels (DN). 
From the irradiance values, using the thermal bands can easily derive the temperature at the height of the 
sensor. The TIRS bands can be converted to brightness temperature using the constants in the metadata file. 
In this way: 
ܶ ൌ 
ܭଶ
ܮ݊ כ ቆቀ
ܭଵ
ܮఒ
ቁ ൅ ͳቇ
െ ʹ͹ʹǡͳͷ
ܶ: Brightness temperature of the atmosphere (°C). 
ܮఒ: Spectral irradiance at the sensor opening (W/sq.m*ǋm). 
ܭଵ: Constant of thermal conversion of the specific band of the metadata (K1_CONSTANT_BAND_x, where x is 
the band number). 
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ܭଶ: Constant of thermal conversion of the specific band of the metadata (K2_CONSTANT_BAND_x, where x is 
the band number). 
The metadata is a file that is downloaded together with the Landsat image. Which provides information related 
to the photography, such as the angle of solar elevation, irradiance and reflectance of each of the bands, etc. 
3 RESULTS 
3.1  SURFACE TEMPERATURE 
Thecomputer program has the ability to digitize the Landsat image in pixels measuring 30 x 30 meters. Then, 
the city of Antofagasta is presented with the representation made by the software when analyzing the surface 
temperatures together with the location of each sectors that were selected to study its evolution. On the other 
hand, graphs with the results obtained during the different periods.










Fig. 1 Interpretation of the surface temperature performed by the software when incorporating the SW equation 
 
By studying each of the graphs, it can be clearly verified that when comparing each of the average 
temperatures between the sectors and the city of Antofagasta, there is an increasing tendency in most cases, 
being the Parque botánico with the Lider norte, the areas that present the highest increases within these last 
5 years in each of the solstices and equinoxes. Something similar happens in the Jardines del sur, since they 
also show on average an increasing trend, especially in winter and spring, unlike autumn and summer, where 
it is characterized by being more balanced. On the other hand, it is interesting the panorama that occurs in 
the Homecenter, because within each period and each year, it is the sector that in most cases registers the 
highest heat indexes in the metropolis, but unlike the other zones, does not represent in its totality a tendency 
in increase when comparing it with the city of Antofagasta. Also, two sectors that represent low temperature 
levels were taken as an example: Vivero municipal and Edificios Almagro to study the effect of heat island 
intensity. This concept means that urban spaces increase more in temperature than rural areas. 
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Fig. 2 Trend of the average temperature of each sector with respect to the city of Antofagasta with dates close to the autumn equinox 
(Blue: Homecenter; Orange: Parque botánico; Gray: Lider norte; Yellow: Jardines del sur; Green: Vivero; Calypso: Almagro) 
 
Fig. 3 Trend of the average temperature of each sector with respect to the city of Antofagasta with dates close to the winter solstice (Blue: 
Homecenter; Orange: Parque botánico; Gray: Lider norte; Yellow: Jardines del sur; Green: Vivero; Calypso: Almagro) 

 
Fig. 4 Trend of the average temperature of each sector with respect to the city of Antofagasta with dates close to the spring equinox 
(Blue: Homecenter; Orange: Parque botánico; Gray: Lider norte; Yellow: Jardines del sur; Green: Vivero; Calypso: Almagro) 
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Fig. 5 Trend of the average temperature of each sector with respect to the city of Antofagasta with dates close to the summer solstice 
(Blue: Homecenter; Orange: Parque botánico; Gray: Lider norte; Yellow: Jardines del sur; Green: Vivero; Calypso: Almagro) 

However, the two places mentioned recently are within the urban part but represent cold microclimates within 
the city, so they serve as an example to study this phenomenon. As can be seen in figures 2 to 5, both sites 
register lower temperature degrees than other places, but what is most striking is the behavior of their trend, 
since there are periods where they rise and in others that go down, but not with a steep slope, and even, 
there are times where they remain almost constant. For this reason, it is possible to demonstrate the concept 
of heat island intensity. 
3.2  ATMOSPHERIC TEMPERATURE 
The records were compiled by datta loggers, which consist of temperature measurement devices. These 
artifacts are under the FONDECYT project: "Evidence of climate change in urban centers of Chile: Implication 
on natural risks and adaptive capacity". It is worth mentioning that the data collection performed by the 
instrument is hourly for all days of the year. For this investigation, the values of the temperatures were 
acquired thanks to the person in charge of the study in question, where 6 sectors of interest were chosen: 
UCN, Puerto, Ferrocarril, Casa Norte (located in the Jardines del Norte), Vivero Municipal and the Airport.  
The datas that was collected dates from October 2010 to May 2017. However, there is a gap in the record of 
atmospheric temperature between the months of April to August 2015 due to a failure in the devices 
measurement. 
What was done in the first instance for the analysis of the research, was to take weekly fragments of the 
sectors with respect to dates where the equinoxes and solstices of each year occur, more specifically, between 
days 18 to 24 of the corresponding months. 
Then, 4 graphs are presented as examples that represent each of the periods (equinoxes and solstices) in 4 
different years, mostly to get an idea of how the atmospheric temperatures of the 6 selected sectors have 
varied. It should be clarified that the x axis corresponds to time, where the divisions represent the first hour 
of the days, while the y axis is the recorded temperature. 

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Fig. 6 Recorded behavior of the atmospheric temperature in the 6 stations during the weekly period of the autumn equinox (2011) 
(Blue: UCN; Orange: Puerto; Gray: Airport; Yellow: Casa norte; Green: Vivero; Calypso: Ferrocarril) 
 
 
 
Fig. 7 Recorded behavior of the atmospheric temperature in the 6 stations during the weekly period of the winter solstice (2013) 
(Blue: UCN; Orange: Puerto; Gray: Airport; Yellow: Casa norte; Green: Vivero; Calypso: Ferrocarril) 
 
 
 
Fig. 8 Recorded behavior of the atmospheric temperature in the 6 stations during the weekly period of the spring equinox (2014) 
(Blue: UCN; Orange: Puerto; Gray: Airport; Yellow: Casa norte; Green: Vivero; Calypso: Ferrocarril) 
 
As can be appreciated with the presented graphs, the behavior of the temperature in each one of the sites 
can be totally relative, since there are moments in which certain stations can present higher degrees of 
temperature, but in other occasions they can be below the other. However, a characteristic pattern can still 
be detected, in which it consists of a hypothetical order from highest to lowest of the stations that register the 
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highest temperature indexes. Regarding this point, clearly the area of the Ferrocarril and the Casa norte are 
the ones that lead this assumption, then the Puerto follows and then in a balanced way the stations of the 
UCN and the Vivero municipal, to finish with the Airport which is the site that collect the lowest temperatures. 
As for the surface temperature, here too the heat island intensity effect can be demonstrated. Since both the 
Airport (rural area) and the Vivero (cold microclimate) have lower temperatures than those of the other sites 
(rural area). 
 
 
Fig. 9 Recorded behavior of the atmospheric temperature in the 6 stations during the weekly period of the summer solstice (2016) 
(Blue: UCN; Orange: Puerto; Gray: Airport; Yellow: Casa norte; Green: Vivero; Calypso: Ferrocarril) 
 
3.3  RELATIONSHIP BETWEEN SURFACE (TS) AND ATMOSPHERIC TEMPERATURE (Ta) 
It was decided to study what type of relationship exists between the Ts with respect to the Ta, to discover 
that so much difference exists in the results obtained for both temperatures. 
The same procedure was repeated again to calculate the Ts of the sectors that have record of the Ta, to 
exception of the Vivero, since it is the only place where all the values are held. However, there is something 
important to remember, is that the analysis of the Ts was dependent on the time the image was captured by 
the satellite sensor, which passed with minutes of addition, unlike the Ta, where the datta logger reported the 
data at just hours (without minutes). Therefore, it was decided to compare the hours that were used to 
determine the Ts, which were mentioned in Tab. 1 - 2, along with the hours closest to these that have 
information for the Ta, where obviously both come from the same date. Once the hour criterion has been 
clarified, a graph with the data of all the stations is presented below, to see what relationship exists between 
both temperatures. With the presented scheme, can check the demarcation that exists between each season 
of the year. It is easy to see how the periods are grouped in specific areas of the graph, where the lowest 
records correspond to those of the winter solstice (square), followed by the spring equinox (triangle), autumn 
equinox (circle) and finally with the highest values of the summer solstice (diamond), which is totally related 
to what happens in reality. On the other hand, it can be seen that the values corresponding to the Airport 
(purple) have a certain difference with respect to the other sites, since on average it achieves high levels of 
Ts, but low in Ta, giving similarity to what happens with a space rural desert, that is, the surface envient 
retains the heat coming from the sun, but the ambient is cooler, due to the great influence of air that is not 
hindered by large buildings. 
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Fig. 10 Relationship between both temperatures with respect to the records obtained for each site and period (equinoxes and solstices) 
(Blue: Puerto; Orange: Ferrocarril; Purple: Airport; Yellow: Casa norte; Green: Vivero; Red: UCN). 
(Circle: Autumn equinox; Square: Winter solstice; Triangle: Spring equinox; Rhombus: Summer equinox) 

The other sites, being installed internally in the city of Antofagasta (urban area), show a mixture between 
them in the location of the graphic, making it impossible to differentiate as it happens with the Airport. A very 
particular relationship is fulfilled, in the case of the Ts, the records vary in their entirety, within the range of 
20°C to 35°C, while the Ta, does it within the range of 15°C up to 25°C. These values can be expressed in a 
mathematical relationship, which is associated with the equation of the line and is the one presented below: 
௔ܶ
௦ܶ
ൌ
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For the analysis of the surface temperature, 6 sites of interest were chosen, which were represented in figure 
4, where the evolution of the differences in the average surface temperatures of each place with respect to 
the city of Antofagasta was subsequently studied. where said results were reported enters Tab. 13 to 16. 
Then, these data will be used to determine the difference of average atmospheric temperatures through the 
presented equation. The sector of the Parque botánico and Lider norte within the autumn equinox period will 
be taken as an example to check how the trends between both temperatures vary. 
 
AVERAGE TEMPERATURE (°C)   
DATE Ts (Parque botánico) Ta (Parque botánico) Ts (Lider norte) Ta (Lider norte) 
21-03-2014 -0,2440 -0,1626 -0,1069 -0,0712 
08-03-2015 0,9637 0,6425 0,1623 0,1082 
26-03-2016 1,7447 1,1631 0,9243 0,6162 
29-03-2017 1,3059 0,8706 0,8685 0,5790 
16-03-2018 1,5335 1,0223 1,4391 0,9594 
Tab. 3 Registration of the Ta through the formula proposed for the sector of the Botanical Park and the North Leader 
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Fig. 11 Comparison of the trend for both temperatures in the sector of the Parque botánico during the autumn equinox 
 
 
Fig. 12 Comparison of the trend for both temperatures in the sector of the Lider norte during the autumn equinox 
 
In the presented graphs, it is clear that the tendency that represents the Ts has a steeper inclination than the 
one referring to the Ta. In the first case, it can be deduced that the Parque botánico has had a growth of the 
Ts with respect to the average temperature of the city of Antofagasta of approximately 1.5 ° C, while the Ta 
is of almost 1 ° C. With respect to the Almagro Buildings, both the Ts and the Ta register trends similar to the 
previous case, which are associated with the ratio of 2/3.On this occasion two places were taken as examples 
in the autumn equinox season, but it should be mentioned that the same effect occurs for all other sites in 
the different seasons. 
4 CONCLUSION 
Each one of the studies that were carried out to complete the research, contribute to the fact that a large part 
of the established hypothesis is fulfilled. With respect to the analysis of the surface temperature calculation 
with the ArcGis computer program, it clearly shows that, after the last 5 years, the average surface 
temperature of most of the areas examined in the different equinoxes and solstices have increased with respect 
to at the average temperature of the city of Antofagasta, where sites such as the Parque botánico have seen 
an increase of up to 3°C, Lider norte 2°C, Jardines del Sur 1°C, while Vivero has had a slight increase without 
exceeding 1°C still. On the other hand, the Homecenter with the Edificios Almagro have had varied behaviors, 
from eras with growth and others with decrease, but they are the ones that lead as the areas with the highest 
and lowest records respectively. 
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With respect to the section of atmospheric temperature, a weekly fragment was taken to see the behavior of 
each of the sites in each of the seasonal periods, and it can clearly be established that urban areas detect 
warmer environments than rural ones (Airport) and green areas (Vivero municipal). Checking well, the impact 
generated by the intensity of the heat islands. 
Finally, a relationship between both temperatures was obtained. As it could be demonstrated, if a place has 
had an increase of the Ts in these last 5 years with respect to the average temperature of the city of 
Antofagasta of 1°C, 2°C or 3°C, it will also have a growth of the Ta of 0,66°C, 1,33°C and 2°C respectively, 
since the criterion of 2/3 is met. This relationship is very important, as, thanks to this, future projections can 
be made and see which sectors of the city can be most affected to a possible climate change. 
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ABSTRACT
Natural risks in Italy are a problem to be faced in the life of every day, but the current instruments 
are not always able to plan and successfully manage the different phases that characterize them. 
As is known, the risk is a function of three variables: hazard, vulnerability and exposure. From 
the analysis carried out, the places and times that characterize every exposed are fundamental 
to consider. The aim of paper is therefore to deepen the exposure within the deﬁ nition of risk. 
In particular, the approach introduces and quantiﬁ es indicators of different types, linked to 
characteristic aspects of a place and able to know the variation of the level of exposure to risk 
with time. Dynamic scenarios are deﬁ ned temporally to plan mitigation actions in peace time and 
emergency. This model has been realized thanks to the interdisciplinary of urban planning with 
mathematic. A good indicator system is useful for helping to efﬁ ciently planning and allocates 
resources as well as monitoring the emergencies. The determination of a global exposure value, 
which brings together the individual indicators, also allows to deﬁ ne a hierarchy of priorities for 
the interventions to be implemented. Case study is the school system in the Savona city. The 
approach proposed, if applied also to the other settlement systems, would create a model for 
the deﬁ nition of dynamic exposure scenarios. Therefore, the concept of temporality could be 
introduced within the Municipal Emergency Plans - made mandatory by L.100/2012-.
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Risk Management; Places and Times Dynamic Exposure Scenarios¸Municipal Emergency Plans
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1 INTRODUCTION  
The safety of the territory from natural events is a priority issue at the Italian level. Looking at the last few 
years, sadly, several calamitous events are occurred in our regions, from hydro geological and alluvial events 
to seismic events. As is known, a natural risk can not be eliminated, but through policies, plans, instruments 
and coordinated actions, it can certainly be mitigated. The turning point can only take place when the 
perspective of approaching the problem of natural risk will be to face the extraordinary in the ordinary. 
In fact, the actions aimed at reducing the risk "in the ordinary practices of government and intervention in the 
territory and the city plays a central role ... facing the issue of risk mitigation in a conscious and effective way, 
in conditions of ordinariness" (Caldaretti, 2002). Despite the repetition of disastrous events, this awareness 
has not yet entered into risk management policies. The urban Plans, different from region to region, do not 
has a guidelines at national level for this aspect . The issue of risk is therefore addressed in a discretionary 
way by the individual Regions. In Italy, there are then the Civil Protection Plans and instruments  that addresses 
the issue of natural risk, but which does not interact with the urban Plans, which should obviously have a good 
knowledge of the territory, also in terms of safety in relation to of risk. Thanks to Law 100/12 "Provisions for 
the reorganization of civil protection", the Municipal Emergency Plans (PCE, introduced with the first Law 
relating to Civil Protection L. 225/92) become mandatory. In particular, the structure of a PCE includes: the 
analysis of the territory, the definition of local civil protection structures, the study of risk scenarios and the 
definition of intervention models. The expected risks, not only of a natural type,  taken into consideration are: 
seismic, volcanic, meteorological-hydro-geological and hydraulic risks, fires, sanitary, nuclear, environmental 
and industrial risks. Within the Plan is introduced the instrument "risk scenario" need to know: what is 
happening and what will happen; what action to take to mitigate the damage and with what resources; which 
actions have priority over others; if and which resources need to be requested because they are not available 
immediately. The risk scenarios, according to recent legislation, are the result of a process of analysis and 
overlap of the data obtained from the exposed and hazard studies. The scenario must consist of a brief 
description of the event, accompanied by a cartography - related to the danger and / or exposure -. explanatory 
of the areas considered most at risk. The research described in the present paper is precisely inserted in this 
context. To address the extraordinary in the ordinary, as mentioned above, techniques and methods for 
creating knowledge capable of guiding policies, instruments and actions are necessary to have. In this 
perspective, the risk scenario is proposed as a cognitive tool to analyse the territory, including various 
settlement systems, in term of consistency and functions. "... the only way currently available to us is to work 
for scenarios, trying to project our knowledge on the current state and the probable predictions of how our 
actions will change the same state. The scenario must be considered as an instrument of analysis and 
verification" (Menoni, 1997). For Freire et al. (2013) "the urban landscape is endowed with projected visible 
dynamism, and is a product of human action that produces a superimposed palimpsest". Currently, the practice 
of spatial perception in daily life is superposed by the fast pace of big cities. For Lynch (1990), “the moving 
parts of a city, especially the people and activities, are as important as their physical properties and parts.” In 
this sense, "the development of technologies can facilitate the automatic understanding of objects and their 
surroundings" (Borges et al., 2014). The risk scenario, as is known, considers the natural risk as a function of 
three variables: hazard, vulnerability and exposure. In particular, the paper focuses on exposure ୧ the 
territorial system considered ୧ made up of the different settlement systems (school, health, ...) that vary their 
'risk level' as time changes (hourly, daily, monthly, ..). 
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In the functioning of a city, therefore, the two aspects places and times are interwoven. "The city conceived 
by temporal policies is a city of chronotopes, physical places of spatial and temporal architectures animated 
by rhythms of presence and coexistence of its citizens and temporary inhabitants" (Bonfiglioli, 1999). 
"For a correct safety of the territory from natural events, in the study of the territorial system and its functional 
subsystems, as well as the related logics of interrelations, consider the concept of time is fundamental" ... 
"The time-based urbanistic approach is integrated well in the analyses aimed at the put in safety of a territory 
from natural events where the knowledge of the territory not of a static but dynamic type (Pirlone, 2009). The 
present research starts from the existing scientific literature, examining, in the context of the risk scenario 
tool, the places and times that characterize the exposed. The approach proposed in paragraph 1, which sees 
a first realisation (by way of example for the school settlement system in the city of Savona) reported in 
paragraph 2, would lead to the definition of a risk scenarios, no longer static but dynamic over time. These 
dynamic scenarios could be included in the municipal emergency Plans, made mandatory, as explained above, 
from L.100 / 2012. In particular they could have a double value: to be used to manage the emergency, but at 
the same time, under normal conditions, to plan the mitigation actions to be adopted for the purpose of safety 
against risks throughout the territory. 
2 NEW APPROACH FOR DEFINING THE SCHOOL SYSTEM EXPOSURE IN THE 
CONTEXT OF THE CIVIL PROTECTION PLANS 
The aim of paper is therefore to deepen the exposure within the definition of risk. In particular, the approach 
introduces and quantifies indicators of different types, linked to characteristic aspects of a place and able to 
know the variation of the level of exposure to risk with time. Dynamic scenarios are defined temporally to plan 
mitigation actions in: peace time (thus reducing the potential damaging effects of an event) and emergency 
(actions of coordination and rescues management). The scenarios thenrefore analyze the entire municipal 
territory this because “the involvement of the proximity context of the infrastructure opens up tempting 
opportunity to test strategies for urban regeneration that raising the quality of the adjacent spaces may also 
offer opportunities to mobilize private capital available to the perspective of sustainable urban development 
and socially cohesive” (Di Girolamo, 2016). A good indicator system is useful for helping to efficiently planning 
and allocates resources as well as monitoring the emergency situations. The approach considers also the 
determination of a global exposure index, which brings together the individual indicators. This global index 
also allows defining a hierarchy of priorities for the interventions to be implemented.  These scenarios, which 
consider the introduction of specific indicators to the definition of exposure, will be the basis for new Civil 
Protection Plans. This model has been realized thanks to the interdisciplinary of urban planning with 
mathematic. Among the different settlement systems, the paper examines the school system. In order to carry 
out a qualitative-quantitative analysis, each indicator has been associated with exposure levels that must be 
checked and adapted to each analysed case. The indicators proposed for defining exposure of the school 
system and the corresponding range of values are five. They have been defined thanks to interviews with 
experts. 
The first two indicators (which take into account the time factor) are: 
î INDICATOR 1 - AGE: takes into account the age of the student population present within the considered 
educational institution and consequently their awareness of the danger and autonomy in the pre-
emergency and emergency phases; 
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î INDICATOR 2 - REFERENCE: refers to the maximum number of students present at the peak hour. This 
value is taken as a reference for the next calculation. 
The evaluation of these first two indicators is through the definition of a database that needs to be constantly 
updated (Database 1, Fig. 1). For the structures analysed, this database must be compiled with the number 
of presence during precise intervals of time. In the case of the school system here investigated, the number 
of students and operators -teachers, janitors ..., in the different levels of school education, also varies 
substantially during the daily span. For monitor over time the presence of the population exposed to risk is 
therefore considered important discretize the day in intervals of half an hour. In addition, to examine the 
different times of presences / lessons (which is not said to be the same every day, think for example on 
Saturdays and Sundays) and closing days is essential to consider the presences during the days of the week, 
in the different months of the year. 
 
 
Fig. 1  Database 1 for the collection of data on the presences and the determination of 1 (age) and 2 (reference) indicators 
 
The subsequent indicators provided by the methodological approach refer to the time that the emergency 
vehicles would employ to reach the exposed structure (calculated on the shortest path), they are: 
î INDICATOR 3 - PATHS: attributed on the basis of the number of paths that allow the main relief providers 
(Croce Rossa, Fire fighters, Civil Protection Department, Hospital ...) to reach the school in a short time. 
It is important to underline that 4 school-rescue organization links were taken into account, but in any 
other application this value could be changed according to the available services; 
î INDICATOR 4 - LOCALISATION: linked to the location of the considered structure respect to the 
morphology and the centrality of the same in the urban system; 
î INDICATOR 5 - ALTERNATIVE/ACCESSIBILITY: assumes values equal to 1, in the case in which there 
are no alternative paths for reaching the school and assumes a value of 0, when there are more roads 
leading to the school in question. 
For the calculation of afore mentioned times is important to consider any building sites, or possible slow-down 
or blocking situations, that the calamitous event could generate. For the quantification and calculation of these 
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indicators, a study on the location of the school structure analyzed is required and a second database 
containing all the useful information was created (DATABASE 2, Fig. 2). 
 
 
Fig 2  Database 2 referring to the localisation and distances between rescue organizations and schools for the calculation of the 3 
(paths),4 (localisation) and 5 (alternative) indicators 
 
The approach therefore provides, a first phase of the compilation of the elaborated databases (1 and 2) with 
the quantification, for each exposed considered, of the 5 indicators. Having identified the most critical time 
intervals from DATABASE 1, starting from indicator 2, a new indicator is calculated, called reference indicator 
2, assigned to the maximum number of presences (Fig. 3). Subsequently, the global exposure index is 
introduced, which considers the combination of the five indicators defined above (Fig. 3). This is an algebraic 
algorithm that combines in a weighted way the described indicators providing a final value between 0 and 1. 
 
 
Fig 3  Temporal exposure calculation 
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The global index considers the sum of the specific global indexes for the different intervals, allowing a depth 
analysis of the school structure under study. The methodological approach also includes the mapping of the 
various indicators, so as to identify the situations most at risk and therefore, for them, propose solutions that 
reduce exposure. These mappings are fundamental to subsequently evaluate the global index and thus have 
a total situation mapping. The exposures scenarios obtain are no longer static but dynamic over time and 
taking into account the characteristics of the places of the considered exposures. The methodological approach 
developed should be considered within the new Municipal Civil Protection Plans. For a better management in 
the Plan, a graphical interface to be used is proposed. In this specific case, through the use of Matlab, an 
interface for the school system has been defined (Fig. 4). 
 
 
Fig.4  School system interface 
 
By inserting the data characterizing the school into the two databases (1 and 2), the defined instrument 
(interface) directly provides the value of the global exposure index. This global index allowing to have 
immediately a daily view of the variation of exposure at risk (Fig.  5). 
3 FIRST APPLICATION TO THE SAVONA SCHOOL SYSTEM 
Among the different settlement systems, as described in paragraph 1, in the paper the school system is 
deepened. A first application of the proposed approach is carried out in the city of Savona. 
The Municipal Territory of Savona, a provincial capital city, is located in the coastal area of the western Ligurian 
Riviera. The territory has an extension of 65 km2; fractions develop in hilly / mountainous areas while the 
urban and suburban centers in the plains. Savona has a densely urbanized territorial structure, particularly in 
the plain area consisting of an alluvial plain of the Letimbro stream and along the sea front. In this area there 
is about 80% of the buildings, which is the main urban center of Savona. Over the centuries, the urban center 
has progressively expanded in the area of the commercial port both from the point of view of the building and 
from the infrastructures that serve it. Immediately near the harbour dock there is the historic center. 
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Fig.5  Graphical interface for the calculation of the Global Index 
 
Analysing the current Municipal Emergency Plan of Savona, it emerges that the territorial analysis was carried 
out to highlight areas subject to various risks such as: 
î hydro-morphological-geological risk; 
î fire risk; 
î seismic risk; 
î risk from exceptional meteorological events; 
î industrial and technological risk; 
î risk deriving from transport on aircraft, road or rail and emergency at sea. 
Regarding the school system, analysed in the paper, the current Municipal Emergency Plan of Savona (section 
4.4.1 "Evacuation - General Procedures") in the event of critical hydrogeological / hydraulic issues defines: in 
the time of non-operating school facilities, the closure of all public and private schools or educational 
institutions, of any order and degree; in time when the schools are operational, all those present must remain 
there until the communication of "endangered danger" by the Authorities. If the subjects are in a building 
located in a floodable area they must move to the upper floors in safe areas and follow the procedures 
described in detail. The individual schools should know and follow these instructions and self-protection 
measures set by the Department of Civil Protection. Wanting to insert the new methodological approach in 
the Civil Protection Plan of Savona, in a first phase, in order to compile the database 1, all the schools (of 
different order and degree) in the Savona territory have been identified and numbered in progressive order. 
Subsequently, the presences of each single school were reported taking as reference the times of a typical 
week, marking the days in 30-minute intervals, so as to record with greater detail the variation of the exposed 
vulnerable. Through the use of an excel tool (Power Map) were made three-dimensional maps. These maps 
make possible to identify which school - at a time and place specific - have a greater number of exposures - 
in terms of number - and how they are distributed throughout the territory (Fig. 6). 
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Fig. 6 Examples of representation of the number of people present in the Savona area 
 
In order to compile the database 2 for the study of school-rescue links, local rescue personnel were identified 
and located. For each school, the shortest path was then analysed, verifying the possibility of alternative paths, 
if the main one was not practicable. The municipal territory was then divided into three homogeneous zones: 
center, suburb, hill to take into consideration the location with respect to the center. Once the data - in terms 
of attendance and localization - necessary for the compilation of the first two databases was obtained, the 5 
indicators identified in the approach were calculated. According to the classifications - high, medium, low - 
described in the methodology, an initial analysis  was performed on the levels of each indicator. In Fig. 7 the 
relative quantifications are shown. Still using the Excel tool (above mentioned), each indicator has been 
mapped with the purpose of analysing the individual indicators and evaluating them according to the territorial 
and temporal distribution. 
 


Fig.7  Indicators 1, 2, 3, 4, 5 for the Savona school system: qualitative analysis 
 
The next phase concerns the quantification of the global index value in the time intervals considered. 
SCHOOL
N°
INDICATOR1
(Age)
INDICATOR2
(Reference)
INDICATOR3
(Paths)
INDICATOR4
(Localisation)
INDICATOR5
(Alternative)
1 High Low Medium Medium Low
2 High Low Medium Medium Low
3 High Low Medium High Low
4 High Low Low High Low
…… …… …… …… …… ……
49 Low Medium Medium Medium High
50 Low High Medium Low Low
51 Low High High Low Low
52 Low High Medium Low Low
53 Low High High Low Low
54 Low High High Low Low
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This phase shows the times when the risk exposure is greater and therefore what are the structures that need 
help in the emergency phase, but also in periods of peace to be able to reduce these levels of exposure in 
case of occurrence of an event. Starting from these values, for the considered temporal discretization, 
exposure scenarios for each single school is realized. Some considerations emerge from the analysis of the 
results obtained. Take for example the time interval between 7:30 am and 8:00 am on Monday, in Fig. 8 are 
shown the data and the representations - obtained through the power map - related to the presences and the 
global index calculated for the schools from Savona. Both graphically and in tables, in some cases, there is a 
strong difference in the value of the global index for the same number of exposed. In case 1: schools with 20 
present are analyzed. The global index is very different. In fact, while for schools 7, 19 and 20 the index is a 
value between 0.15 and 0.25, for school 18 the index has a value of 0.55, so very high compared to the 
average. In case 2: schools with 25 present are analyzed, only school 6 has a very high global index value 
while the others take a value between 0.18 and 0.26. 
 
 
Fig. 8  Comparison between exposure referring to number of present and to global index  
 
The results of this first application show the importance of the factors introduced in the approach presented: 
age of the subjects, position of the structure on the territory, ability to reach the school with the means of 
rescue. In fact, in an analysis of risk exposure it is not enough to consider only the number of those present, 
but a more in-depth analysis is required. The application of the approach ends with the proposition of some 
mitigation actions that can reduce the level of exposure by acting on the individual indicators proposed such 
as the increase of educators in kindergartens, the possible relocation of schools or emergency services, 
infrastructural interventions on roads. The proposed approach is therefore a new tool to be included in the 
Civil Protection Plans. The knowledge of the individual indicators and the global index can be useful to plan 
and correctly manage the different phases of risk, starting from prevention, emergency, post-emergency and 
reconstruction. The approach taken for the school system, if applied also to the other settlement systems, 
would lead to the realization of a global model at a territorial level for the definition of dynamic risk scenarios. 
The introduction of such time scenarios within the Municipal Emergency Plans (mandatory from L.100 / 2012), 
allowing a greater knowledge of a territory, become a fundamental tool in ordinary time, to plan mitigation 
actions in order to make an area increasingly resilient to natural events. 
MONDAY(INTERVALLO07:30Ͳ08:00) NUMBEROFPRESENT
SCHOOLN° n.presents Ig


1 10 0,12
….. ….. …..
6 25 0,36
7 20 0,24
8 0 0,00
….. ….. …..
13 0 0,00
14 25 0,18
15 50 0,28 GLOBALINDEX
16 25 0,26



17 25 0,18
18 20 0,55
19 20 0,24
20 20 0,20
21 25 0,21
22 20 0,15
….. ….. …..
54 0 0,00
12
1
2
HIGH 
MEDIUMͲHIGH 
MEDIUM 
LOW 
NURSERY 
KINDERGARTEN 
ELEMENTARYSCHOOL 
1STGRADESECONDARYSCHOOL 
2NDGRADESECONDARYSCHOOL 
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ABSTRACT
Talking about Integrated Pest Management it is common to think about an agronomic context. 
In this case the technology has gone ahead, providing a large series of instruments of different 
type. Precision farming, for example, will allow to build always more accurate machines to 
inspect plants and remove pest insects. To help agronomists and technicians, furthermore, 
is going ahead the idea to develop always more rafﬁnate mathematical models to describe 
insects and plants lifecycle, in relation to environmental parameters such as the daily average 
temperature. A good model for this purpose is the Distributed Delay Model, enriched in the 
course of time with much more mathematical aspects.The aim of this work is to present a new 
modeling approach developed on two different sides: the ﬁrst one is by the mathematical side, 
with a new develop of Von Foerster’s equation, and the second is the implementation of the 
equations in a software built with the ROOT libraries and C++ programming language. A new 
mathematical form for the Von Foerster equation allows to insert directly in the model all the 
parameters related to environment and the specie. Through the use of the upwind method, this 
partial differential equation can be solved with an implementation in a dedicated software. The 
DS Simulator is the ﬁnal product, a software composed of a list of macros able to accompany 
the environmental scientists since the ﬁrst step of parameters estimation in laboratory. In 
the speciﬁc, in the metropolitan area of Rome, our purpose is an application in the case of 
Rhynchophorus ferrugineus and Lobesia botrana.
KEYWORDS
ROOT; Forecasts Urban Pests; IPM Plant Protection 
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1 INTRODUCTION  
In an urban context, always more attention is given to the green areas. In much cases, they represent a real 
distinctive factor, which add value to the livability. The role of green areas, in fact, is marked not only by the 
citizens who decide to spend there their free time, but also by the public authority which organize social 
programs. A green area plays a fundamental role in the concept of a modern city, represents a complement 
to its beauty, to arise its biodiversity and often is a solution to recover abandoned areas. However, the 
introduction or the maintenance of parks and gardens leads a series of problems related to the ecosystem 
health. The lack of knowledge about entomological problems related to the urban plant species allowed the 
increase of infestation by autochthonous phytophagous and the introduction of a wide series of alien species. 
A recent example concerns about the case of the red palm weevil Rhynchophorus ferrugineus (Oliver) in Italy, 
and in particular in the metropolitan area of Rome as case study. The first introduction of the palm weevil in 
Europe has been verified in the south of the Spain in the past 1994 through the importation of ornamental 
palm species (Phoenix spp.). Ten years later, Longo and colleagues. (Longo, 2006; Longo et al., 2011) 
confirmed the presence also in Italy, starting from Toscana, and then forwarding in Campania, Sicilia and 
Lazio. Actually, in the metropolitan area of Rome R. ferrugineus represents a problem for private gardens and 
public parks, not only due to the plant diseases, but also for the public safety. In fact, females lay eggs in the 
palms’ crown, above all in exemplars still damaged by wrong pruning, other insects or climatic agents 
(Speranza et al., 2007). The red palm weevil feeding activity causes a slow weakening on the trees, until the 
leaves’ or crown crash. On the other hand, the metropolitan area of Rome presents a high density of farms, 
above all in its outskirts. The presence of an agricultural context merged with an urban reality, requires to not 
neglect entomological problems related to the main cultures. More specifically, Rome’s suburbs are featured 
by a high-quality wine production, such as Frascati Protected Denomination of Origin (DOP), olive’s oil 
production, sheep and cattle pastures. It’s totality, represents a crucial cropping system to preserve natural 
resources and environmental quality (Brunori et al., 2016; Ferrara et al., 2016). Concerning grapevine and 
olive’s trees, the related main entomological problems are due to the grapevine moth Lobesia botrana (Denis 
& Schiffermüller) (Severini et al., 2005) and to the olive fruit fly Bactrocera oleae (Gmelin) (Baratella et al., 
2017; Pucci et al., 2013; Pucci & Spanedda, 2006; Speranza et al., 2004). The restricted European and national 
regulation about the pesticides use, and the nearness to an urban area induced entomologists and IPM 
scientists to consider as a driving factor the role of monitoring and modelling to optimizes the control 
strategies. The aim of this work is to focus the attention on the role of mathematical models to describe pest 
insects’ lifecycle, providing work hypothesis based on the existing literature and on our new developments in 
this scientific area.   
2 MATHERIAL AND METHODS  
Mathematical models represent a helpful tool concerning the forecasts in Agriculture. Historically, are divided 
in Phenological Models and Demographic Models (Severini et al., 1990), but the most widely used are a branch 
named Distributed Delay Models. The success of these last is due to the capability to include in a demographic 
description the environmental parameters. This means that after a session of parameters estimation through 
laboratory experiments, and a following validation with field data, their application can be carried out in 
different environments. Several works (Galeano-Vasco et al., 2013; Gutierrez & Baumgärtner, 1984; Gutierrez 
& Pizzamiglio, 1984; Limonta et al., 2009; Pesolillo et al., 2004) show different application of the most famous 
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Distributed Delay Model, the one introduced by Manetsch (Manetsch, 1976) and performed by Vansickle 
(Vansickle, 1977) with the addition of a mortality coefficient. Its mathematical is the following: 
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 (1) 
where ܳ௜ሺݐሻ represents the number of individuals in each stage, ܦሺݐሻ is the average developmental time, ܯሺݐሻ 
is the intrinsic mortality coefficient and ݄ is a variability parameter to be estimated in phase of calibration with 
field data (Severini et al., 1990). The chained ordinary differential equations system (1) allow to describe the 
distribution of developmental times of an insects’ cohort, but apparently it does not contain environmental and 
specie parameters. For the applications, is usual to consider the following expression (Severini & Gilioli, 2002): 
 
ܴሾܶሿ ൌ
ͳ
ܦሺݐሻ
 (2) 
which provide the relationship between the average developmental time ܦሺݐሻ, and the development rate ܴሾܶሿ 
in function of the temperature ܶ. The introduction of expression (2), brings conspicuous advantages. In the 
course of time, in fact, several authors reported empirical and non-empirical laws to express the changes in 
developmental rates as the temperature arises. The most common are: 
î linear rate function (Severini & Gilioli, 2002): 
 
ܴሾܶሿ ൌ
ͳ
ܵ
ሺܶ ൅ ௅ܶሻ (3) 
where ܵ is the thermal summation, and ௅ܶ the lower threshold for the thermal development range; 
î Briére rate function (Briere et al., 1999): 
 ܴሾܶሿ ൌ ܽሺܶ െ ௅ܶሻሺ ெܶ െ ܶሻ
ଵ
௠ (4) 
where ܽ and ݉ are empirical parameters, ௅ܶ and ெܶ are respectively the lower and higher thresholds for the 
thermal development range;  
î Logan rate function (Logan et al., 1976): 
 ܴሾܶሿ ൌ ߰ ൤ሺߩܶሻ െ  ൬ߩ ெܶ െ
ெܶ െ ܶ
ȟܶ
൰൨ (5) 
where ߰ and ߩ are empirical parameters, ெܶ is the higher threshold for the thermal development range and 
ȟܶ is the ܶ-interval length from the maximum peak of the function, and ெܶ; 
î Sharpe and De Michele rate function (Sharpe & DeMichele, 1977): to date, this is the only rate function 
based on thermodynamics laws, and not empirical 
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 (6) 
where ܣ, ܤ, ܥ, ܦ, ܧ, ܨ are parameters related to thermodynamic functions. For any further information about 
Sharpe and De Michele rate-function, the reader is referred to the reported literature. 
 
The choice of the most appropriate rate function usually depends on the utilizers’ background. The common 
feature is that all the expressions need a non-linear fit operation for parameters estimation. In an experimental 
context, a cohort of insects is reared in climatic cells at different constant temperatures, and the mean 
developmental time ܦ is calculated. The conversion between times and rates is carried out through the 
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expression (2), obtaining the needed plot ܶ െ ܴሾܶሿ. In most cases the rearing operation require long time and 
suitable equipment, and the number of explored temperature usually can influence the choice of the rate 
function. By the way, Logan, Briére and linear are the widely used expressions. Another question to point out 
concern the driving variable. The development of a poikilothermic organism is not influenced only by the 
temperature ܶ, but also by humidity and photoperiod which usually influence the microclimate inside the host 
plants, and the diapause mechanisms. Despite this approximation, several works showed, during the years, 
that considering the temperature as the only driving variable have provided good results for poikilothermic 
organisms. The Manetsch’s Distributed Delay Model (1), is therefore completed with the insertion of one of 
the rate functions between (3), (4), (5), (6), and represents a complete tool, if inserted in a calculation 
software. 
2.1 CALCULATION SOFTWARE: THE INTRODUCTION OF ROOT  
Concerning the simulation process, there is not a wide literature about which is the best software to be used 
with distributed delay models. The ideal software should be open source, versatile, and able to follow each 
phase from the parameters estimation to the field validation. The research groups, in fact, employ a 
conspicuous part of the economic resources to develop, with external companies, simulation platforms, and 
most of them are protected by a license. The costs could affect the possibility of new contribution from the 
smaller research groups and from all the universities with limited budgets. For this reason the choice is to 
introduce a different application of ROOT, a software born by a CERN project started in 1994 by René Brun 
(Brun & Rademakers, 1997) to build a series of macro able to follow entomologists, ecologists and IPM 
scientists during all the process involved in the use of the distributed delay models. ROOT, is “a modular 
scientific software framework. It provides all the functionalities needed to deal with big data processing, 
statistical analysis, visualization and storage. It is mainly written in C++ but integrated with other languages 
such as Python and R” (https://root.cern.ch). It is widely utilized in the main field of Physics, and during the 
last years have found new applications in Economy and Engineering. There are no applications reported in 
Agriculture, but for simulation processes is highly recommended. One of the points of force is the choice to 
use two common programming languages, C/C++ and Python to build macros in which can be called a large 
series of mathematical and statistical functions included in ROOT’s libraries. This mean that it is not required 
a wide knowledge of programming language to pursue our goals. In the following sections, are showed some 
results.  
2.2 GENERALIZED VON FOERSTER EQUATION  
The Manetsch’s Distributed Delay Model (1), introduced in the section (2), represents a discrete form of an 
age-structured model. One of the limits concerns the fact through which the lifecycle is considered composed 
by a series of equal chained stages. Von Foerster (Von Foerster, 1959) proposed a different model able to 
describe an age-structured population. The advantage regards the possibility to describe the dynamic of a 
population which evolves in chronological time ሺݐሻ and chronological age ሺܽሻ. Mathematically is represented 
by the following well-posed problem: 
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where ݊ሺܽǡ ݐሻ represents the population’s density, ܯሺܽሻ is the mortality relied on the age, ݊ሺͲǡ ݐሻ is the 
boundary condition which provide the newborn regulated by the fertility function ߚሺܽǡ ݐሻ, and ݊ሺܽǡ Ͳሻ is the 
initial condition. A different version, could be presented including directly in the partial differential equation 
(7) the rate function ܴሾܶሿ, starting from considerations introduced by Di Cola et al (Bellagamba, Cappio Borlino 
et al., 1991; Di Cola et al., 1987; Di Cola & Gilioli, 1996). The modified Von Foerster equation is based on the 
concept of physiological age, ݔ, different from the described chronological age ܽ: the first is a variable which 
describe the intrinsic maturation process, while the second is a time with different scale. In formulas, the 
description is resumed as: 
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The equation (8) can be worked out numerically through the upwind method (Bellagamba et al., 1987; Di Cola 
et al., 1989) and provide a system of ordinary differential equations similar to Manetsch’s system (1) (Plant & 
Wilson, 1986). Through the use of ROOT, it is possible to include in a dedicated macro the discretized model, 
and this will be the kernel of our proposal to forecast L. botrana and R. ferrugineus’ lifecycles in urban context. 
2.3 PARAMETER ESTIMATION  
A simulation process begins with a laboratory phase, in which are conducted a series of experiments in climatic 
cells. More specifically, it is built a cohort of insects with eggs laid all on the same day, left singularly in Petri 
dishes and stored at constant temperature. The lifecycle is followed with daily checks, and for each individual 
is reported the daily stage. At the end, will be possible to calculate the average developmental time ܦ, specific 
for the temperature of rearing. The next step regards the conversion of the times in rates, followed by a non-
linear fit with the described rate functions to estimate the related parameters. In the case of L. botrana and 
R. ferrugineus,  there are two works which report the life tables (Li et al., 2010; Moshtaghi Maleki et al., 2016). 
More particularly, for L. botrana it is possible to calculate the parameters of linear, Briére and Logan rate, 
while for R. ferrugineus only the linear is allowed by the data.  
The reason is due to the fact that Briére and Logan rate functions require at least 5 experimental points and 
Sharpe & De Michele at least 6 of them. Furthermore, to obtain a good fit, laboratory data have to show the 
typical increasing-decreasing shape. Data from Li et al. satisfy the first condition, but not the second and the 
software cannot calculate functions outside the linear case. To pursue the linear and non-linear fitting process 
has been built a macro called “fittasso.c”. Its task is to take in input the experimental data from a .txt file, and 
to return the fit parameters and their associated errors both in graphical and textual way. Fit results are 
reported in Table 1 and Fig. 1 concerning L. Botrana, in Tab. 2 and Fig. 2 for R. Ferrugineus. Regarding the 
Lobesia botrana case, there are three rate functions available. For a good simulation, is better to not consider 
the linear case. The choice is due to the ܴଶ value, reported in Tab. 3. 
Not considering the linear case, a good strategy is a combined use of both Logan and Briére rate functions: 
the first one tends to describe better the experimental points in a higher temperature range, while the second 
gives information about the lower temperature range, and for this way is more appropriate. These 
considerations will be treated in the section 3, in which will be shown a perspective of application.  
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Briére rate-function (4) fit results Logan rate-function (5) fit results Linear rate-function (3) fit results 
ܽ ൌ ሺ͵͵ͳ േ ͺሻ ڄ ͳͲି଻ ߰ ൌ ሺ͹ േ ͳሻ ڄ ͳͲିସ ͳ
ܵ
ൌ ሺͳ͵ʹ േ ͹ሻ ڄ ͳͲିହ 
௅ܶ ൌ ͸Ǥ͸ േ ͲǤ͹ ߩ ൌ ͲǤͳ͸ േ ͲǤͲͳ ௅ܶ
ܵ
ൌ െͲǤͲͳ͵ േ ͲǤͲͲʹ 
ெܶ ൌ ͵͵ǤͲ േ ͲǤͳ ȟܶ ൌ Ͷ േ ͵  
݉ ൌ ͶǤͺͷ േ ͲǤͷ ெܶ ൌ ͵͵Ǥͻ േ ͲǤͺ  
Tab. 1:  Non-linear fit parameters estimated with fittasso.c macro for Lobesia botrana rate-functions.                                             
Data for the fits are from Briére (Moshtaghi Maleki et al., 2016) 
 
 
 
Linear rate-function (3) fit 
results 
ͳ
ܵ
ൌ ሺ͸ʹ േ ʹሻ ڄ ͳͲିହ 
௅ܶ
ܵ
ൌ െͲǤͲͳͲ͹ േ ͲǤͲͲͲ͹ 
Tab. 2  Fit parameters estimated with fittasso.c macro for Rhynchophorus ferrugineus rate-function. 
 Data for the fits are from Li et al. (Li et al., 2010) 
 
 
 
Rate function ܴଶ value 
Linear ͲǤͺͷͶ
Logan ͲǤͻ͸Ͷ
Briére ͲǤͻʹͷ
Tab. 3  ࡾ૛ values related to L. botrana rate functions.  
The reported values show that the linear rate function is not a good choice for a simulation for this case 
 
3 PERSPECTIVES OF APPLICATION  
The phase of parameters estimation has been defined as a laboratory phase. In this section will be shown a 
proposal of simulation through the use of the generalized Von Foerster equation. Using the ROOT’s libraries, 
included in a C++ macro, has been developed a macro called simulatore.c which contain the discretized 
system (8). This macro gives in input a vector (involved in a .txt file) with the average daily temperatures, 
calculated through the use of a meteorological station or a data logger. Daily temperatures will be used to 
estimate the rate function ܴሾܶሿ in the partial differential equation: there is not a different way to proceed, 
because to date there is not a specific function able to describe the daily temperature in function of the time. 
Hence, a numerical solution is required. In section 2.2 have been estimated the parameters of two rate 
functions (Briére & Logan) for L. botrana, pointing out the respective better working range. In the simulation 
process, a filter for input daily temperature is included: its task is to work out the daily rate with Briére function 
if ܶ is between 6.6 °C and 17 °C, and with Logan function if ܶ is between 17.1 °C and 33.9 °C. Outside the 
range ሾ͸Ǥ͸ǡ ͵͵Ǥͻሿιܥ the rate is considered to be zero. The results from the simulation process is a 3D plot, 
which provide the pest insects population trend. This software could provide a decision support system for 
technicians involved in L. botrana and R. ferrugineus control, but to date is in course of validation. Further 
works will report a complete description of the results about this operation. Preliminary works are carried out 
by Severini et al. (Severini et al., 2005) concerning the case of L. botrana in Castelli Romani’s area, using the 
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Manetsch’s Distributed Delay Model. Future goals regard the repetition of the simulation process with this new 
developed software, and the validation for R. ferrugineus through a monitoring network in the Metropolitan 
area of Rome.    
 
Fig. 1  Graphical fit results from fittasso.c macro with data related to L. botrana (Moshtaghi Maleki et al., 2016). The best fit parameters are 
reported in Tab. 1. (a)  is the Briére rate function, (b) is the Logan rate function and (c) is the linear fit function 
 
Fig. 2  Graphical fit results from fittasso.c macro with data related to R. ferrugineus (Li et al., 2010).  
The available data have permitted only the linear fitting operation 
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4 CONCLUSIONS  
In this work, has been presented a new proposal of application of mathematical models to forecast insect’s 
lifecycle not only in an agricultural contest, but also in the case of urban parks and gardens. An ideal operating 
platform should be consisting of a network of meteorological stations which transmit the temperature in real 
time to a central unit. This central unit will work out parallel models based on the generalized Von Foerster 
equation, through the use of macros based on ROOT’s libraries. These platforms, could, furthermore, include 
different species to control: as shown in section 2.2, the kernel of the model is the role of the rate functions. 
After a good estimation for best fit parameters, the model need only to be run and validate with field 
monitoring. To have a clear idea of the pest insects’ situation in parks and gardens could reduce conspicuously 
the pesticides treatments, saving the citizen’s and environmental health (Speranza, 2008). In addition, several 
studies in entomology regards the research of parasitoids for the most damaging species, useful to be included 
in further mathematical models in order to act biological control programs. The extension of this studies in 
pest insects of urban interest, provide new tools for technicians and agronomists. Nevertheless, a parasitoid 
could work efficiently only when the host population is not yet high. Simulations can provide this crucial 
information. 
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ABSTRACT
The parallel consideration of the urban-rural gradient and center-periphery concepts is useful 
in the study of ecosystem services provision which is bound to spatial relations. The paper 
demonstrates an array of factors that have led to certain distortion of the ‘ideal’ hexagonal 
network of central places in a broader region including Bratsigovo municipality. The position of 
the municipality is traced among the deﬁ nition of central (functional) urban areas, intermediate 
and peripheral (dysfunctional) rural areas. The classiﬁ cation of the landscape in the municipality 
and the pertaining of the area to broader socio-ecological systems are identiﬁ ed. The unique 
position of Bratsigovo and its rich landscape variety are revealed. The paper looks further into 
the role of local communities, socio-spatial networks and power asymmetries in the patterns 
of exploitation and appropriation of production, abandonment and stewardship of land and the 
real beneﬁ ts from ecosystem services. The case study shows signiﬁ cant mismatches that lead 
more generally to low urban-rural integration in the region and the externalization of ecological 
footprint and debt.
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1 INTRODUCTION  
The favorable opportunities offered by the regional view of socio-ecological systems are demonstrated by 
some reviews of ecosystem services mapping studies (Crossman et al., 2013). Their regional spatial 
manifestation is revealed through the relations of territories producing or delivering, and territories utilizing or 
benefitting from relevant services. They may coincide or overlap, be multidirectional from a given position, 
and have a certain narrow focus on space to adjacent or relatively close areas (Fisher et al., 2008). In addition, 
it can be said that the landscape is the preferred subject of ecosystem services (ES) research and application 
(Müller et al., 2010). 
The role of the public ecosystem benefits (PEBs) resulting from available ecosystem services for the equity in 
development can vary greatly depending on the access and control of the biocenose. The different frameworks 
for understanding ecosystem services relations, their potential value and the impact of their valuation have a 
more direct or more general attitude towards poverty alleviation (Fisher et al., 2014; Lele, 2013). Particular 
attention should be paid to criticisms of monetary valuation approaches to the benefits of ecosystems, their 
commodification and trading with them, through payments to the ES. They are related both to fairness in the 
distribution of benefits and control power, and to subjective, misleading or too generalized assumptions about 
valuation (Lele, 2013). However, attempts to map and assess ESs (Lai, 2016) and to evaluate PEBs provide a 
good basis for debate and for changes in policies and practices. That base includes: (a) the uses of land, their 
regulation and incentivisation; (b) the appropriate forms of organization, planning and control; (c) the 
relationship between the supplier and user territories and their intermediaries; d) the long term genesis of the 
landscape from “pillar” landscapes to transitional ones (Vizzari et al., 2016). The paper makes an attempt for 
overview of the factors behind the position and conditions of the territory of Bratsigovo with a focus on the 
ecosystem services and the benefits from them in the centre-periphery nexus and along the urban-rural 
gradient. The municipality of Bratsigovo is chosen due to its intermediate position and landscape variety in a 
relatively small area which can be further compared and more deeply analyzed through the proposed 
conceptual framework, applied methods and results discussed. 
2 THE CASE STUDY 
The relevance of the ecosystem services concept to Bulgaria and its social-ecological resilience as well as the 
longer term aspiration for its sustainability is very high. It is due to the observation that in none of the periods 
in the last century the country achieved favorable levels of resilience and the acquisition of immune power at 
the societal and the community levels to overcome the crises and to prevent the sudden transitions to 
qualitatively new conditions (Burov, 2015). This led to both dramatic changes in the landscape and to 
significant changes in the relationship between society and the natural environment with long-term adverse 
effects about which plenty of evidence can be found on comparative basis. Bratsigovo municipality (area of 
229.425 km² and population of 9648 according to the National Census 2011 distributed in 7 settlements) is 
located at the eastern border of Pazardzhik district (EU NUTS 3) and in proximity to the center of the South 
Central region (EU NUTS 2) – Plovdiv. It is at the edge between the Upper Thracian plain and the Rhodope 
Mountains including lowlands, river valleys, hilly areas, slopes, terraces and ridges with varying geomorphology 
and hydrology. The climate is humid subtropical and humid continental with vertical variations in temperature 
and humidity including the rain shadow and aridity northwards from the Rhodope Mountains slopes. The soils 
diversity and the geological and climatic conditions predetermined the abundance of various habitats and 
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species diversity in the area and today bigger part of the municipal territory is covered by the Natura 2000 
network. The both flat land and the mountainous landscape in that part of the country has been significantly 
modified from ancient times onwards with varying patterns of the settlement network in terms of its horizontal 
density but also its vertical distribution and size of the settlements. The relevant appropriation of the primary 
production peaked in the mid-20th century when the country as a whole had to be more self-sufficient in terms 
of food and fibre. Besides the fact that the municipality experienced the benefits from cultural and industrial 
care and transfer of resources from the Socialist state the area didn’t gain much during that time in terms of 
infrastructure development even though for instance one of the biggest hydro-electrical cascades Vacha in 
Bulgaria bypasses it. The major communication corridors (e.g. major railways, roads, gas pipes and 
telecommunication cables) were laid more to the north in the Upper Thracian plain and attract major part of 
the regional economic activity in the last half a century. 
3 THE CONCEPT 
The paper’s concept tries to unveil how the parallel consideration of the urban-rural gradient and center-
periphery ideas is useful in the study of ecosystem services provision which is bound to spatial relations. Those 
spatial relations are complex and social-ecological in character which means also political in terms of social-
economic development and ecological and environmental policies. 
Fig. 1 outlines abstract model of regional relationships that can be considered for the specific situation of 
different regions.  
 
Fig. 1 Urban-rural gradient and functional urban and rural areas with their footprints 
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The ecosystem services are presented as follows:  
î blue-green – regulating; 
î light green and light yellow – provisional; 
î orange-brown – cultural. 
The urban-rural gradient and the functional urban and rural regions are presented as: 
î red – urbanized land cover (structure and functions); 
î orange, yellow and light green – agricultural and forestry land cover (structure and functions); 
î dark green – natural land cover (structure and functions). 
The almost full spectrum colored ecosystem services at the top of the graphic represent the internal and 
external spatial relations in the production, distribution and benefits from the ecosystem services in regard to 
general stocks and flows from and towards the peripheral, intermediate and central areas. In that regard it is 
important to underline the importance of peripheral and intermediate rural areas as ecosystem services 
providers in the full range of regulating, provisional and cultural ones. Often, they provide such services not 
only to the adjacent city centers and populations but also to other territories and globally to commons such 
as the atmosphere and especially the climate regulation. This can enable better shaping of policies and the 
design of their sophisticated application in rural areas. Certainly there is extraction of resources from the rural 
areas and the benefits usually go mostly to the centers through the unequal exchange on regional, national 
and global level. The initial historic regional integration is disrupted due to the shifting demographic potential 
from the local to the global levels leading to changing patterns of urbanization and connectivity. It is a fact 
that many countries provide financial and other transfers to rural areas but not from the ecological liability and 
footprint perspective (represented in gray on the graphic) and through the holistic consideration of the social 
metabolism process. That process constitutes not only of the material and energy flows but also includes the 
varying benefits for the extractors, producers, distributors, intermediaries and consumers along the commodity 
chains. 
4 THE METHODS APPLIED 
In the attempt to describe the centrality nodes and axes pattern, the triangular-hexagonal network model is 
used as a framework. The model has the appearance of a honeycomb as it was developed in the "central place 
theory" (Christaller, 1933). The experience here abstains from the distances proposed as basic to the original 
model, taking into account the profound criticism of many of its assumptions (Nicolas, 2009). The comparison 
of the model with the contemporary settlement network is based on georeferencing of the raster network 
through the 33 points from the first to the fifth rank. A Thin Plate Spline transformation with the Nearest 
Neighbor resampling method in the environment of Quantum GIS 2.0.1-Dufour was used. 
In the attempt to define the peripherality of the individual and the groups of peripheral settlements and their 
land areas the following seven overlapping criteria for time cost in space are used: 1) over 90 min from a city 
with a population of over 500 000 inhabitants; 2) over 60 min from a city with a population of over 200,000; 
3) over 45 min from a city with a population of over 100,000; 4) over 30 minutes from a city with a population 
of over 50,000; 5) over 15 minutes from the city (district center, agglomeration) with population over 20,000; 
6) over 10 min from a town (agglomeration) with a population of over 10,000; 7) over 5 minutes and is not a 
city (municipal center) with a population of over 5,000. Those time costs are investigated on the basis of 
working points representing the time thresholds along the road network and travel time estimations in Google 
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Maps. Those thresholds were decisive for the definition of every settlement and its land area into the category 
peripheral or not. 
In the attempt to visualize the demographic potential a heatmap is prepared based on the data for the 
population in every settlement of the South Central region. A 25 kilometer radius was used, allowing the 
aggregation of the areas with more or less significant demographic potential. 
The final attempt is the definition of the socio-ecological systems and subsystems borders into which 
Bratsigovo municipality is part or which are part of it. They provide an idea about some physical, chemical and 
biological, ecological and social factors which determine relations in and between the social and the ecological 
processes. In addition to this there is literature reviewed about the contemporary landscape classification and 
the valuation of the ecosystem services in the municipality. 
The general approach in the assembling of the different methods of analysis is qualitative and it is part of the 
discussion. 
5 THE RESULTS 
The exemplar study includes Bratsigovo municipality and Bratsigovo town as part of the settlement network 
of the South Central region in Bulgaria and beyond the country borders. Fig. 2 shows the assumptions about 
the location of the central places (urban centers) in the hierarchical order outlined in the hexagonal model. 
 
 
Fig. 2 Hexagonal network model and assumptions about the central places 
 
The resulting image after the application of the Thin Plate Spline georeferencing (Fig. 3) demonstrates the 
distortion of the ‘ideal’ hexagonal network of the assumed central places. In the specific case of the region, 
the Sofia-Edirne(Odrin)-Istanbul axis was chosen as the main setting, which is a permanent axis of historical 
and current development. 
ThepositionofBratsigovointhegraphicshowscontractionofthetriangleoverlayingthenorthernpartof
themunicipalityandthecontraryforthetriangleoverthesouthernpartofit.Thisrepresentsthefactthat
thenorthernareaofthemunicipalityisinproximitytootherneighboringurbancentersandmuchbetter
connectedtotheregion. 
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Fig. 3 Overlaying the hexagonal networking model and the contemporary network of central places 
  
 
Fig. 4 Extents of the central urban areas (central municipalities (NCRD, 2012) with diagonal X red hatch; functional urban areas (EC, 2016) 
with solid red hatch) and the peripheral rural areas in the South Central region and the distorted hexagonal settlement network 
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The southern area is part of the Rhodope Mountains which is very isolated due to steep slopes, high altitude 
climate and less agricultural opportunities, low density of infrastructure but also previous state borders at the 
end of the 19th and the beginning of the 20th century. 
The application of the criteria for peripherality of the land areas of the settlements (Fig. 4) is compared to the 
extents of the nationally defined central municipalities in the National Concept for Spatial Development (NCRD, 
2012) as well as to the boundaries of the functional urban areas (FUA) with urban centers of at least 50000 
residents from the Urban Atlas (EC, 2016). The map shows as well the availability or lack of relevant road or 
rail connections along the distorted ‘ideal’ web of axes linking the separate nodes. 
The influence of the polycentric criteria for determination of peripherality is obvious. The municipality of 
Bratsigovo is intermediate rural area being at the edge of more central functional urban areas and part of it 
can be described as peripheral rural area – that is the high altitude village of Ravnogor. 
Further on an aggregated interpretation of the demographic potential, urbanization and connectivity is made 
(Fig. 5) through the heat map based on the location of the population, the major urban centers and the 
communication infrastructure in the South Central region. It synthesizes well the regional (dis)integration of 
the whole territory and also the variable demographic potential in the territory of Bratsigovo municipality. 
 
 
Fig. 5 Aggregation of the demographic potential along with the urban centers and the connectivity infrastructure 
 
Finally the extents of meso and micro socio-ecological systems are compared to the range of different 
administrative units at regional and local level with regard to Bratsigovo municipality (Fig. 6). The following 
socio-ecological systems are illustrated: 
î Batashka mountain and Besaparski hills in the massif of the Rhodope Mountains; 
î the surface basin of the Stara Reka, its tributaries and tributaries of the river Vacha in the Maritsa river 
basin; 
î the municipalities and districts in the South Central Region. 
(QYLURPHQWDODQGWHUULWRULDOPRGHOOLQJ
IRUSODQQLQJDQGGHVLJQ
,6%1
'2,
)HGRD3UHVV
A.P.Burov
186



 
      
 
Fig. 6 Extents of socio-ecological systems and administrative units: geological systems (orange), river basins (blue) 
 
The landscape classification and the ecosystem services are initially well described by two separate studies 
from the ‘Rhodope Project’ (‘Preservation of the Globally Significant Biodiversity in the Landscape of the 
Rhodope Mountains’). A map of contemporary landscapes on a scale of 1:75 000 has been prepared thanks 
to the so called ‘Rhodope Project’ as part of the publication Atlas of the Contemporary Landscapes of the 
Rhodopes (Gikov & Nedkov, 2008). Most of the variety found in the Rhodope Mountains which is considered 
hot spot for biological and landscape diversity in Europe is found also on the territory of Bratsigovo 
municipality. Natural, slightly and moderately modified landscapes dominate the contemporary landscape, 
which is typical for the intermediate areas along the urban-rural gradient. Another contribution of the ‘Rhodope 
Project’ is the review of ecosystem services and benefits in the Rhodope municipalities which outlines the 
following characteristics for Bratsigovo municipality (Zervudakis et al., 2007). That initial assessment gives an 
overall orientation on the high value of ecosystems in the municipality of Bratsigovo. The need for further 
studies, both at national, regional, and local level, is linked to the many methodological issues of assessment 
and valuation, which often involve more general assumptions and arbitrary values. Nevertheless these two 
studies from the ‘Rhodope Project’ reveal well the unique position of Bratsigovo and its rich landscape variety. 
Yet, the contemporary conditions of Bratsigovo municipality in social-ecological terms can be described through 
these characteristics (OUPO Bratsigovo, 2035, 2017): 
î aging and shrinking especially in the upper altitude settlements; 
î seasonally intensive visitation by second home owners; 
î architectural heritage loss and new greenfield urbanization in parallel; 
î less economic activity and entrepreneurship with decaying industrial sites from the Socialist past; 
î agricultural (arable and pasture) land abandonment in the medium and higher altitude belts; 
î ecological succession over the longer term abandoned land; 
î intensive and sometimes illegal lodging at certain spots even in protected natural areas. 
6 DISCUSSION 
The long term possibilities for multifunctional land stewardship or the added value of clusters that need a more 
integrated and holistic way of thinking are hardly achievable due to the missing culture of collaboration and 
cooperation which are rear and almost extinct in the municipality.  
The local communities are more importing than exporting in terms of goods and services with the typical for 
rural areas help of the national transfers for pensions of the retired. Local entrepreneurship is not enough to 
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enforce the endogenous development on the basis of the various and rich local resources. Certainly aging is 
the main constraint with the addition that local elites have occupied key assets around which there is 
stagnation or deadlock going on. The involvement of politically powerful age stratified groups does not allow 
the easy entrance of new independent actors either internally or externally. 
Thus a big amount of the biocapacity of the municipality is not being utilized. Even though the population is 
shrinking the community goes into ecological debt due to diminishing levels of subsistence or semi-subsistence 
agriculture. The few farms are oriented less towards the local and regional market and prolonged distribution 
of primary goods can be observed. 
All these strokes try to briefly describe the significant mismatch that leads more generally to low local and 
regional integration. There is high demand for the establishment of regional socio-spatial networks organized 
around market relations and demand, development frameworks and promotion approaches, conservation 
projects and protection activities, emotional attachment and search for new experiences, solidarity ventures 
and transition for the improved integration of the rural areas and the urban centers. 
7 CONCLUSION 
Here rests the conclusion that internal regional integration is likely to shorten links, internalize the footprint 
and contribute to the circular metabolism of a region. All this can be in parallel to the preservation and 
development of the levels of external connectivity and exchange within the thresholds of reproduction of 
renewable resources. It can happen through the creation of prerequisites for network and local initiatives 
based on contextualized research and innovation. 
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ABSTRACT
Historical land use change studies and modelling support the analysis of current land use 
dynamics and landscape pattern. Historical maps are sources of geographical information and 
traditionally landscape uses, once geo-referencing accuracy and information reliability have 
been veriﬁed. GIS processing and landscape metrics allow assessing and deepening the land use 
changes. Vesuvius and surrounding areas are an important Italian landscape, full of historical, 
geo-morphologic and naturalistic value, with valuable agri-food productions and with very-high 
population density. Furthermore, the area has a high quality historical cartographic production. 
The main purpose of the paper is to deepen historical landscape knowledge, from 1817 up to 
2009, and to implement the historical analysis framework. Historical cartographies of different 
time steps (1817, 1875, 1960) were digitized, georeferenced and manually vectorized for map 
comparison, by means of ArcGIS tools and Kappa statistic algorithms. Finally, landscape pattern 
changes were calculated through Fragstat metrics. Considering the overall period, only the 50% 
of the study area did not change: major changes were registered in vineyards and urban areas 
(-99.6% and +89%, respectively). Landscape mosaics appear more disaggregated (PLADJ and 
DIVISION metrics) due to different number of patches and their more irregular shape (NP, DP, 
LSI metrics). The study shows the utility of integrated approaches and tools, starting from 
historical cartography opportunities, as support for decision maker in land use management and 
conservation policies, highlighting interrelations between urban, agricultural and natural areas.
KEYWORDS
Land Use Change; Landscape Metrics; Historical Cartography; Geographic Information System 
(GIS)
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1 INTRODUCTION  
Land use changes (LUCs) study, as historical analysis and prediction, allows better understanding the current 
conformation of a landscape system, recognizing the complex system of dynamics and driving forces operating, 
monitoring the developmental dynamics, verifying the adopted policies, to construct future scenarios, 
evaluating their possible environmental and socio-economic impacts, supporting the landscape management 
and planning with a view to sustainability. LUC analysis supports the site-condition assessment in order to 
understand the landscape potentials and to plan landscape resources toward more sustainable uses. Within 
the historical LUCs, historical maps are effective sources of geographical information, useful for historical and 
territorial research (Pindozzi et a., 2016). The historical maps availability, in chronologically succession, makes 
it possible the multi-temporal analyses about the landscape morphology and pattern, useful in landscape 
planning (Bibitelli & Gatta, 2013). Specifically, the historical LUC analysis, with the support of GIS technologies, 
allows highlighting not only where changes occurred and what changed, in terms of areas variations inside 
the different land use classes, but also the structure and configuration of these variations.  
In this point of view, Landscape metrics (LMs) are useful tools, being algorithms that quantify spatial 
characteristics of patches, classes of patches or entire landscape mosaics and helping mathematically 
assessment of landscape structure, giving valuable information to improve the assessment of the ecological 
functioning, economic wealth and aesthetic value of a region (Gustafson, 1998; McGarigal et al., 2002; Uuemaa 
et al., 2009; Frank et al., 2012; Lausch et al., 2015).  
In European context, the Vesuvian areas, as all the rest of Neapolitan areas, has developed a high quality 
cartographic production starting from the end of the seventeenth century; The study area is moreover 
characterized by high cultural, historical, geo-morphologic and naturalistic values, with also a food-agricultural 
production unique for originality of flavours variety and with very-high population density. Therefore, Vesuvian 
area becomes a useful reference for historical cartography in-depth analysis and for land use and land cover 
dynamics analysis. 
The aim of the paper is to support land-use planning in a context that, besides the presence of natural 
protected areas and one of the most known and potentially dangerous volcanoes in the world, presents also 
a strong anthropization, as result of a secular process, and close relationship between urban, agricultural and 
natural components. 
The framework entails a phase of importing and GIS digitalization of historical cartographies; a phase of 
analyzing and comparison among the LU maps, in terms of areas and land use classes; a phase of assessment 
of landscape configuration and composition. 
2 MATHERIALS AND METHODS 
2.1 STUDY AREA 
The study area entails the total extension of 13 Municipalities falling within the perimeter of the Vesuvius 
National Park, with the exception of areas not covered by available historical data and cartography. This 
perimeter, exceeding the limits of the natural park, makes it possible to carry out assessments on the dynamics 
among the natural, rural and anthropic components, allowing the mutual comparison and evaluation of spatial 
relationships, which have generated the current landscape pattern. 
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In addition, the need of geo-referencing maps, basing on territorial invariants (buildings or roads networks), 
conditioned the definition of the study area perimeter including also artificial surfaces.  
The final study area extends, therefore, on about 16800 ha (Fig. 1). It includes the still active volcanic complex 
"Somma-Vesuvio", the most important in continental Europe. The resident population involves about 350000 
inhabitants (census data 2017), recording a moderate negative trend starting from 2013. To underline the 
strong anthropic pressure, study area is included in Naples metropolitan areas that presents about 3,5 M of 
inhabitants. 
Vesuvius National Park was instituted since 1995 (by means of DPR 5/06/1995), starting from the Italian 
national law n° 394/1991. Within the boundaries of study area there are also: a state reserve, two Sites of 
Community Importance (SCIs) and one Special Protection Area (SPA). Typical agricultural products are 
underlined by quality and geographical indication certifications, i.e. for wine, apricots, tomatoes and cherries. 
 
 
Fig. 1 Study area (Source: our elaboration, 2018) 
 
2.2 HISTORICAL MAPS AND RECENT DATASET 
In order to classify and analyze land use/land cover changes (LUCCs) during the last two centuries, a multi-
temporal dataset has been used:  
î 1817 - Topographic and hydrographic contour map of Naples edited by “Regia Officina Topografica di 
Napoli” (Royal Topographic Office) - sheets numbers 9 and 12 - 1:25 000;  
î 1907 - Topographic map of Italy Edited by “Istituto Geografico Militare Italiano” (Italian Military 
Geographic Institute) 25v series – Sheets numbers F. 184 I S.E. (Pomigliano d’Arco), F. 184 II N.E. 
(Monte Vesuvio), F. 185 III N.O. (Boscotrecase) - 1:25 000; 
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î 1960 - Land-Use Map of Italy Edited by Touring Club Italiano/ “Centro Nazionale Ricerche” (Italian 
Touring Club/National Research Center) -  1:200.000 (CNR and Touring Club Italiano) 
î 2009 - Land-Use Map of Campania region – 1:100.000 (Campania region, Ass. Agricoltura Settore SIRCA)   
As a support for the geo-referencing process of historical maps, the Regional Technical Map (CTR) 2004-2005, 
scale 1:5000, has also been used. Historical maps need important pre-processing steps, before their analysis 
in GIS environment. In primis a digitization step is needed to import paper information into digital support. A 
scanner with 300dpi resolution was used and all cartography papers were converted in TIFF files. Then, images 
imported have been georeferred in a common coordinate system, to allow spatial analyst processing (Brovelli 
& Minghini, 2012). 
The Ground Control Points Method (GCP Method) was adopted, which establishes a mathematical/statistical 
relationship between the pixels coordinates on the raster and those of reference (UTM-WGS84, 33N). The 
number of GCP depends on the transformation order to be used and on the precision to be obtained. A first 
order polynomial was generally used for the transformations. The accuracy was verified through an "inverse" 
mapping function, which calculates the globally quadratic error and the accuracy of each GCP. The quality of 
the georeferencing process was evaluated by overlapping the historical cartography with the current Regional 
Technical Map (CTR ed. 2004-2005) of Campania region with a scale of 1:5000. After georeferencing process, 
all historical maps were composed together by mean of Mosaic tool in ArcGIS, obtaining a unique raster file 
for each dataset. 
2.3 DATASET ANALYSIS AND LAND USE CHANGE COMPARISON 
To improve analysis of the landscape relationship (namely: connections, intersections, adjacencies, inclusions, 
etc.) between objects or patches, a vectorialization process, consisting in a manual conversion from raster to 
vector, was performed. Entities are visually recognized and reconstructed directly on the raster image, 
operating in a GIS environment. To mitigate eventual errors due to operator, a following post-processing 
phase, devoted to the final inspection of the vector file created, has been carried out. Manual vectorialization 
was performed by means of code of polygons associated to defined land use/land cover classes.  
The subsequent multi-time comparison between pairs of land use maps was conducted after a thematic 
generalization to have a common land use/cover classification for each reference year. The classes considered 
were the following: Agricultural uses, Vineyards, Urban, Sparse vegetation, Forests. 
In order to not lose information on the vineyards (which have been reported with a very clear symbology 
already from the cartography of 1817), this class has been kept separate from other agricultural uses. Overall, 
difficulties have been found due to folds, stains and lacerations, present in the analogical cartography. 
Once the historical maps were converted into vector file (polygon) (Fig. 2), by interpreting phase, the 
comparison was made by means of Map Comparison Kit (MCK) open source software, developed by Institute 
of Research for Knowledge systems (RISK) in Maastricht, Netherlands. All new thematic maps were converted 
in raster, cell size 20x20m, and then in raster-ASCII, in order to import them into MCK software. In the present 
work, two algorithms belonging to MCK software have been used for the LUCC analysis: by category and 
Kappa statistic. The category algorithm splits information from the global context to focus on each category: 
the result is to be considered a partial expression of the cell by cell comparison applied to a single category 
(Caglioni & Rabino, 2008). 
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Fig. 2 Time series of land cover maps from 1817 to 2009 (Source: our elaboration, 2018) 
 
Kappa statistic synthesizes information about location (spatial correlation) and about the amount of cells for 
each category (RIKS, 2018, http://www.riks.nl/news). The Kappa statistic algorithm, also based on the cell by 
cell comparison, expresses the degree of agreement between two categories of datasets. Kappa is the result 
of the product between two similarities: the quantitative similarity (Kappa Histo or KHisto) and the spatial 
similarity (Kappa Location or KLoc).  
The quantity refers to the total number of cells for each LU class (the histogram), regardless of spatial 
allocation, while the position similarity refers to the spatial distribution of the different LU classes on the map, 
regardless of the total number of cells for category (Visser & de Nijs, 2006). Kappa, as well as KLoc and KHisto 
are calculated on the basis of the 'transformation matrix', which reports the cross-distribution of the categories 
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on the two maps. The coefficient of agreement kappa can assume values between - 1 and 1. The more kappa 
is closed to 1 the more the correspondence is good.  
On the other hand if K<0, there is no correspondence; the contingency matrix was built according to a standard 
procedure (Pindozzi et al., 2016). 
The comparison was made on the maps of the land uses thus associated: LU 1817 and LU 1907, LU 1907 and 
LU 1960, LU 1960 and LU 2009 and, finally, over the whole period going from 1817 up to 2009. 
2.4 LANDSCAPE METRICS  
Land use and land cover change determines landscape patterns and affects the ability of ecosystems to provide 
the services and biodiversity on which humans ultimately depend: LUCC, as result of new policies and human 
activities, can modify the original structural integrity of landscape, with cost (to avoid) or benefits (to facilitate) 
the ecological flows. 
Landscape metrics (LMs) can help understanding and analyzing these changes, providing valuable information 
to improve the assessment of ecological functioning, economic wealth and aesthetic value of a region. 
In this paper, LMs was used to analyze the eventually fragmentation of landscape patterns in the various 
historical steps studied. Specifically, in landscape level metrics, the “Aggregation” metrics were considered. 
These metrics refer to the tendency of patch types to be spatially aggregated. This property is also often 
referred to as landscape texture, and it is, usually, used as an umbrella term to describe several closely related 
concepts of dispersion and interspersion, subdivision, and isolation. 
Specifically, we referred to: Number of Patches (NP), Patch Density (PD), Aggregation Index (AI), Percentage 
of Like Adjacencies (PLADJ), Patch Cohesion Index (COHESION), Landscape Shape Index (LSI), Landscape 
Division Index (DIVISION). 
Four LU/LC vector maps, arising from ArcGIS interpreting phase, were converted into 4 raster image, in order 
to run Fragstat software; cell size defined is 1x1m, less then ½ the narrowest dimension of the smallest 
patches. Input grids consist in square cell, with metric projection (ETRS89, UTM 33N). 
Starting from raster LU/LC maps, the LMs were quantified by means of Fragstat software, defining 8 cell 
neighbourhood role and class metric as sampling strategy. 
3 RESULTS 
About georeferencing process of historical maps, to get attainable results, GCPs were selected firstly in the 
urban centers where easily identifiable persistent elements there were. All maps were georeferenced through 
first order polynomial transformation. The RMS was in the order of tens of meters, and this has allowed a 
satisfactory level of processing accuracy to be achieved.  
About land use change comparison, the results were organized comparing a pairs of subsequent maps: 1817-
1907; 1907-1960; 1960-2009 and 1817-2009. In 1817, agricultural uses affect more than half (43%) of the 
total area, if also the vineyards are accounted in the agricultural areas, this percentage increases up to 64%. 
In the period 1817-1907, the 51% of total area changes, especially due to changes of vineyards and urban 
surfaces. 
In the period 1907-1960 the countertrend from vineyards to other agricultural uses was the main 
characteristic. In the period 1690-2009 it is possible to observe a strong reduction of agricultural lands caused 
by the markedly expansion of urban areas. Finally, Tab. 1 shows the results of comparison for whole period 
1817-2009: about the 51% of the total area change in land uses, during the last two centuries. Main changes 
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concern the “vineyards” which are quite all disappeared within the study area, and the “urban” areas, that 
have increased their size tenfold. 
 
MAP 1817 \ MAP 2009 
(hectares) 
AGRICULTURAL  
USES  
VINEYARDS URBAN SPARSELY 
VEGETATED 
FORESTS SUM MAP 1
(1817) 
Agricultural uses  48463.2 0 22668 818.4 262 72211.6
Vineyards 21720.4 0 9340 1697.6 1984.8 34742.8
Urban 709.2 0 4418.4 74.8 100.4 5302.8
Sparsely vegetated 335.6 0 562.8 596.8 291.6 1786.8
Forests 9876 243.6 3988.8 10387.6 29715.2 54211.2
Sum Map 2 (2009) 81104.4 243.6 40978 13575.2 32354 168255.2
Tab. 1 Land use change comparison: Transformation matrix (period 1817-2009) (Source: our elaboration, 2018) 
 
About landscape metrics, the NP metric shows the doubling of the number of patches over two centuries (from 
171 to 381) as confirmed also by the PD metric (from 1.02 to 2.26). The LSI metric underlines how the patches 
perimeter is currently more indented than in 1817: also in this case the value is doubled (from 10.68 to 20.40). 
Finally, PLADJ, COHESION, DIVISION and AI metrics show a more disaggregated landscape than 1817. 
4 DISCUSSIONS AND CONCLUSIONS  
The present work has highlighted how the availability of historical cartographic documentation (with high 
geodesic accuracy) and its integration in geographical information systems (GIS) can support multi-temporal 
analyses of landscape (Campana, 2003). The quality and reliability of the historical cartography used (Visconti 
1817, IGM 1907) was confirmed by the overlapping of the georeferenced maps with the CTR of the Campania 
Region. A weakness of geodesic historical mapping is the lack of a greater detail in LU classes (for example in 
the agricultural use class it was not possible to distinguish between the arable land or the vegetable garden 
or other).  
The only exception is the vineyards, whose very clear symbology starting from the cartography of 1817, has 
allowed separating the relative class from other agricultural uses. The comparison analysis of thematic LU/LC 
maps showed that about 50% of the Vesuvian landscape has been affected by LUC during the last two hundred 
years. The awareness of favorable environmental conditions (the climate and the volcanic nature of the land) 
and of traditions and quality certifications, could have supported the permanence, in the study area, of the 
vineyards, today almost totally substituted by other agricultural uses. Further observations can be made 
regarding the urban and artificial areas growth (+80% from 1960 to 2009, about 24% of total area in 2009 
against the 3% in 1817 or 4% in 1960), according to the Italian trend, starting from the 1960s and which is 
not justified by the increase in population in the same period (+ 20%, on a national basis). 
The landscape metrics analysis emphasizes a recent pattern certainly more fragmented, compared to the one 
of two centuries ago. The trends are confirmed in the various time steps examined, with the exception of the 
Touring Club map (1960), maybe due to the scale of the map, 1: 200.000, which inevitably simplifies the 
polygons. By integrating the results of landscape fragmentation with LUCs, further investigations will be carried 
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out on the class scale and not just on the landscape scale, especially for classes “urban areas” and “forest”, 
in order to highlight reciprocal relations or pressures. The study on the land uses dynamics confirms to be a 
useful tool to support the land-use planning and management, in terms of verification, monitoring and 
comparison, but also simulation and projection, of the policies and strategies for sustainable landscape 
development and for the landscape-environmental heritage management: landscape fragmentation risk, loss 
of biodiversity, climate changes, hydrogeological instability are the main challenges in which historical land 
use changes (and their effects) GIS-based study can contribute to implement the knowledge of the land 
context and to support sustainable strategies. 
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ABSTRACT
Landscape fragmentation (LF) is one of the main negative effects due to transport and mobility 
infrastructures and urbanized areas and consists of a dynamic process, where large habitat 
patches tend to become smaller and more isolated than in their original condition. As for 
biodiversity conservation, LF affects landscape quality, triggering isolation of population and 
reducing movement and dispersal of species. So, landscape defragmentation, i.e. the inverse 
process, where certain actions lead to a re-connection of landscape patches, is of paramount 
importance in the perspective to achieve healthy landscapes. Typical defragmentation actions 
include measures for protecting fragile habitats and inserting them in interconnected systems, 
such as ecological networks and green infrastructures. Landscape policies and planning in 
Europe are characterized by the implementation of the European Landscape Convention (ELC), 
which stresses the importance of landscape quality objectives and gives the same importance 
to all types of -i.e. also rural and degraded- landscapes. 
In this study, we aim at building a method for scrutinizing the attitude of policy and planning 
tools to consider LF and to envision landscape defragmentation actions. The method will be 
discussed in the light of recent advances of landscape planning theory and practice and tested 
in selected regional case study.
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Landscape Fragmentation; Regional Landscape Plans; Landscape Planning
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1 INTRODUCTION  
In the last decades, scientific literature has shown a growing interest for biodiversity conservation and 
ecosystem continuity maintenance. The fulfillment of human needs has resulted in an increase of worldwide 
resource consumption and changes in land use, with negative effects on habitats and considerable biodiversity 
loss (Foley et al., 2005; Foley et al., 2011). Landscape fragmentation (LF) is closely linked to human activities 
and can be induced by transport and mobility infrastructures and urbanized areas. According to the European 
Environment Agency, a series of measures able to address LF should be included in both regional and transport 
planning (EEA, 2011). At strategic level, measures such as systems of green infrastructure, habitat networks, 
and defragmentation plans, could be implemented to deal with LF (EEA, 2011). As a first step, measuring LF 
would be desirable to (1) remark critical geographical areas that need to be defragmented or reconnected, 
and (2) figure out where new transport and mobility infrastructures or urbanized areas could be built-up. Thus, 
the regional landscape plan (RLP) appears as a useful tool that could integrate LF measured at landscape unit 
scale (De Montis et al., 2017; De Montis et al., 2018). In this way, the RLP would provide a LF framework that 
supports planners (urban planners, transportation planners, etc.), decision-makers and stakeholders, during 
the planning process at regional or sub-regional level. In this study, we scrutinize four-last generation Italian 
RLPs to investigate if and to what extent they deal with LF, if fragmentation metrics are suggested and applied, 
and if defragmentation strategies or measures are planned. The paper unfolds as follows. In the next section, 
we provide an overview on last generation landscape planning in Italy. In the third section, we report on 
scientific literature that addresses landscape fragmentation in landscape planning. In the fourth section, we 
describe the method used in this study to meet our purposes. In the fifth section, we show and discuss the 
results. Finally, in the last section we illustrate the concluding remarks.  
2 LANDSCAPE PLANNING IN ITALY 
The European Landscape Convention (ELC), an international treaty that focuses on the protection, 
management and planning of all European landscapes (Council of Europe, 2000), defines the landscape as 
“an area, as perceived by people, whose character is the result of the action and interaction of natural and/or 
human factors” (Council of Europe, 2000). The ELC applies to the whole territory and covers natural, rural, 
peri-urban, and urban areas, including both exceptional and degraded landscapes (Council of Europe, 2000, 
2008), giving the same importance to all types of landscapes, which are key elements of European cultural 
identity (Piorr & Müller, 2009). The importance of rural areas was further underlined in a recent 
recommendation that aims to promote landscape awareness through education (Council of Europe, 2014). 
Landscapes constitute a common resource and are acknowledged as key elements for individual and common 
well-being, as well as the foundation of local identity. The ELC can be considered as a new tool for the 
protection, management and planning of all European landscapes, and it is contingent on the following key 
assumptions (Romani, 2008): (1) landscape is recognized as a public good; (2) landscape exists a priori; (3) 
landscape is important as a vital context for people; (4) people have a right to landscape. In agreement with 
the ELC, the landscape dimension should be considered in the drafting of all land management policies in 
order to achieve best quality in safeguard, management and planning proposals. Every plan or project should 
comply with the quality objectives of the landscape, improving the landscape quality, or at least not 
contributing to its deterioration. The possible impact of projects on the landscape, whatever their scale, should 
therefore be assessed beforehand (Council of Europe, 2008).  
(QYLURPHQWDODQGWHUULWRULDOPRGHOOLQJ
IRUSODQQLQJDQGGHVLJQ
,6%1
'2,
)HGRD3UHVV
Landscapedefragmentationpolicyandplanning.Anassessmentofstrengthsandweaknesses
201



With regards to landscape policies, the ELC requires, inter alia, a new operational approach for the observation 
and interpretation of landscape, which should: (1) consider the territory as a whole (and not just locate places 
which need to be protected), (2) simultaneously include and combine several approaches, linking ecological, 
archaeological, historic, cultural, perceptive, and economic approaches, and (3) take into account social and 
economic issues (Council of Europe, 2008).  
In 2004, Italy introduced the principia and contents of ELC through the Legislative decree no. 42 ‘Code of 
cultural heritage and landscape’ (the Code; Italian Republic, 2004, 2006, 2008). 
According to the Code, the regions must draw up and approve the RLPs so that all the national territory is 
protected, ensuring that actions on the landscape are planned in agreement with the objectives of landscape 
protection. The Code sets out purpose and content of the RLPs, which aim to preserve, restore, and enhance 
elements of the territory representing the national identity. These elements include natural and human factors, 
and their interrelationships. In accordance with these criteria, also purposes for sustainable territorial 
development must be covered. 
The landscape plan’s drawing up process includes: (1) reconnaissance of the planning area, through the 
analysis of its landscape features; (2) recognition of the properties and declared areas of considerable interest; 
(3) identification of any additional properties or areas of significant public interest; (4) analysis of spatial 
dynamics; (5) identification of appropriate actions for restoring degraded areas and other landscape 
enhancement measures; (6) identification of proper actions on the landscape, in order to achieve sustainable 
development in the affected areas. The RLPs that were drawn up and approved by the regions before the 
entry into force of the Code had to be adapted to the content of the Code by December 31, 2009. According 
to the Code, municipalities, metropolitan cities, and provinces have to adjust their planning instruments to the 
contents of the RLPs. 
The provisions and expectations of the RLPs cover, inter alia, the recovery of landscape values, the recovery 
of degraded areas, and the identification of urban development strategies, with particular focus on 
safeguarding of rural landscapes.  
3 LANDSCAPE FRAGMENTATION IN LANDSCAPE PLANNING 
The LF can be considered as one of the most widespread landscape phenomena in the European context 
(Llausàs & Nogué, 2012) and consists of a process where habitat patches tend to become smaller and more 
isolated over time (EEA, 2011). LF is due to natural and human processes. The human action is the most 
important cause of LF (Harrisson et al., 2012) and includes transport and mobility infrastructures and urbanized 
areas (De Montis et al., 2017; De Montis et al., 2018). LF has negative effects on biodiversity (Battisti, 2004; 
Gibson, 2013) and can trigger phenomena such as population decline (Collinge, 1996; Harrisson et al., 2012). 
In territorial planning policies the maintenance of ecosystem continuity has become a central element (Romano 
& Tamburini, 2001) and some policies - such as the Diversity Convention and the Ramsar Convention - have 
been developed to maintain ecological connectivity (Kettunen et al., 2007).  
The ELC aims also to “promote landscape protection, management and planning [and landscape protection 
means] actions to conserve and maintain the significant or characteristic features of a landscape [...]” (Council 
of Europe, 2000). According to the ELC, landscape policy is relevant and includes “principles, strategies and 
guidelines that permit the taking of specific measures aimed at the protection, management and planning of 
landscapes” (Council of Europe, 2000) expressed by the competent public authorities. 
Although the ELC does not explicitly address ecological connectivity, it provides a framework that can support 
actions for such an issue through landscape planning and management (Kettunen et al., 2007). Furthermore, 
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scientific literature has acknowledged (1) that “landscape planners are asked to present models for land use 
systems that ensure a better connectivity of habitats for endangered species” (Kleyer et al., 1996) and (2) the 
need for LF analysis integrated into regional planning (Girvetz et al., 2008). According to Romano and Zullo 
(2012), “[m]aintaining current conditions of continuity, and even restoring and improving them, requires 
adequate territorial management and more targeted forms of planning than those currently adopted in Italy 
[and] reduction of fragmentation and biodiversity conservation require forms of governance that consider land 
in its entirety (urban policy approach) [...]”. 
Thus, the RLPs could include studies on LF as part of landscape analysis to provide planners, stakeholders and 
decision-makers with information about the necessity of defragmentation measures in areas with high values 
of LF and where actions for recovering (or maintaining) of ecosystem continuity need to be planned and 
implemented.  
4 METHOD 
Previous studies report on plans that deal with ecosystems fragmentation. For example, Di Ludovico et al. 
(2000) briefly report on Italians case study such as the Provincial Territorial Plan of Siena (Tuscany), the Urban 
Territorial Plan of Umbria, and the Territorial Plan of Valle d'Aosta (Fabietti et al., 2011). However, scientific 
literature shows a lack of studies that focus on LF addressed in last generation RLPs in Italy. Thus, we start 
investigating such plans against four basic criteria (CR) listed in Tab. 1. 
 
CODE CRITERIA MAIN QUESTION UNDERLINED 
CR1 Reporting Does the RLP include information, data, and studies about 
LF?  
CR2 Qualitative or quantitative methods … adopt qualitative or quantitative methods for assessing 
LF? 
CR3 LF metrics … list and describe LF measures? 
CR4 Defragmentation measures or 
strategies 
… address defragmentation measures or strategies? 
Tab. 1 Criteria used for scrutinizing the plans 
 
CR1 aims at providing an overview about LF, that is, reporting on information, data, and studies concerning 
landscapes integrity compromised by transport and mobility infrastructures, urbanized areas, deforestation, 
and so on. CR2 provides information about qualitative or quantitative methods used for assessing LF. CR3 
describes metrics (e.g. Mean Patch Size, Number of Patches, Median Patch Size) for measuring LF. Finally, 
CR4 reports on defragmentation measures (e.g. wildlife crossing structures) or strategies (e.g. Natura 2000 
networks or ecological networks) able to recover and reconnect isolated or disconnected habitat patches. 
5 CASE STUDY: RESULTS AND DISCUSSION 
We investigate to what extent LF has been considered in the last generation RLPs. In this preliminary phase, 
we selected four regions whose landscape plans were approved thus in force and freely available on-line: 
Apulia, Lazio, Lombardy, and Sardinia (Fig. 1). 
In Tab. 2, we report on the scrutiny of the RLPs against the criteria discussed in section 4.   
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Fig. 1 Geographic context: in gray, the island of Sardinia and -from North to South- Lombardy, Lazio, and Apulia 
 
REGIONS PLANS YEA
R 
CR1 CR2 CR3 CR4 
Apulia Landcscape 
territorial plan 
2013 Yes Quantitative 
method 
Metrics are not 
described in the 
plan, but they are 
proposed and 
applied in the 
environmental 
report (Strategic 
Environmental 
Assessment): 
Shannon Diversity 
Index, Area 
Weighted Mean 
Shape Index, 
Mean Patch Size, 
Number of 
Patches, Median 
Patch Size, Patch 
Size Standard 
Deviation, Total 
Landscape Area. 
Regional 
Ecological 
Network. 
Lazio Regional 
territorial 
landscape plan 
2007 References to 
connection of 
natural areas 
- - - 
Lombardy Regional 
landscape plan 
2010 References to 
ecosystem 
fragmentation; 
fragmentation 
and loss of 
ecosystem 
continuity; ... 
- - Regional 
Green 
Network and 
Regional 
Ecological 
Network. 
Sardinia Regional 
landscape plan 
2006 No - - - 
Tab. 2 Scrutiny of the landscape plans 
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The RLPs show a lack of interest about LF. The region of Apulia assesses LF through several metrics that are 
included in the Strategic Environmental Assessment (SEA) report. Lazio and Lombardy briefly report on LF 
referring to ecosystem fragmentation, connection of natural areas, and loss of ecosystem continuity, but no 
indices are proposed and LF is not quantitatively measured. 
6 CONCLUSION 
LF can be considered as one of the most important issues concerning ecosystem continuity and biodiversity 
loss. LF widely affects the European landscapes, but in Italy it appears as little considered by regional 
landscape plans, according to the preliminary findings reported in this research. Four last generation landscape 
plans have been scrutinized against four basic criteria including LF, qualitative or quantitative methods 
described and applied in the plans, LF metrics, and defragmentation measures or strategies.  
The region of Apulia deals with LF in the SEA report, measuring several metrics per landscape units. Thus, 
such a quantitative approach allows planners, decision-makers and stakeholders to (1) obtain a comparative 
overview about LF, and (2) plan defragmentation strategies in habitats of value. Most regions do not consider 
LF as a priority at the landscape planning level.  
In the next phases, we aim at analysing further last generation landscape plans, identifying best practices, 
and proposing guidance to include LF in the landscape planning process. 
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ABSTRACT
Climate change implies increase of temperature, rising of sea level, and more frequent and 
intense ﬂoods and droughts than in the past. All landscapes are impacted by such deleterious 
events. Effective measures able to prevent or minimize the negative effects of climate change 
consist of adaptation actions. In 2013, the European Commission adopted the EU Adaptation 
Strategy that aims at making the European context more climate-resilient. Scientiﬁc literature 
stresses that adaptation to climate change is affected by both hard (legal, economic and 
technological) and soft (social) factors, which should be all considered by governance approaches 
to adaptation. This implies coordination and cooperation among the different domains, actors 
and responsibilities, to avoid or solve conﬂicts and facilitate choral implementation of adaptation 
measures. 
In this study, we aim at investigating multi-sectoral governance processes involved in the 
Regional Strategy for Adaptation to Climate Change, which is being designed by the regional 
administration of Sardinia (Italy). We are interested in proposing major governance models 
starting from the scrutiny of the main actors currently involved in setting climate change 
adaptation strategies. In this preliminary phase we report on the mapping of the competences 
of the regional departments, starting from the results of a questionnaire-based survey, an 
organizational chart, and an analysis of regional plans. 
KEYWORDS
Climate Change adaptation Strategies and Measures; Governance; Regional Plans; Organizational 
Chart; On-line Questionnaire
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1 INTRODUCTION  
According to reliable climate data, the Earth’s surface has become increasingly warmer in the last three 
decades “than any preceding decade since measurements began over 150 years ago” (Bush, 2018). Climate 
change is considered one of the most important issues of the last years and includes effects, such as 
increasing of temperature, rising of sea level, and frequent and intense floods and droughts (Field et al., 
2014). Over time, adaptation measures have been proposed to prevent or minimize the negative effects of 
climate change and take advantage, when possible. According to Salzmann et al. (2016), “climate change 
adaptation refers to the adjustment of natural or human systems as a response to actual or expected 
climatic stimuli or their effects, which moderates harms or exploits beneficial opportunities” and adaptation 
can be planned, anticipatory, or autonomous. Adaptation measures include crop diversification, early 
warning systems, and seasonal climate forecasting (Ochieng et al., 2016). Keskitalo (2010) argues that 
“[c]limate change is a problem that poses high requirements for governance by requiring the coordination of 
demands and needs across international, national, regional and local scales, as well as coordination between 
sectors [...]”. Governance for climate change adaptation means that “policies and action programmes exist 
on different levels” and “these [are] coordinated across levels and sectors” (Keskitalo, 2010).  
In 2015, the Italian Ministry of the Environment and Protection of Land and Sea approved the National 
Climate Change Adaptation Strategy (SNACC) (MEPLS, 2015). Such a strategy points out the main impacts of 
climate change for socio-economic and natural sectors, and proposes adaptation measures. A national 
adaptation plan is currently being developed (MEPLS, 2017). At the same time, the Autonomous Region of 
Sardinia (Italy) is developing the Regional Strategy for the Adaptation to Climate Change (SRACC).  
In these early stages of our research, we focus on multi-sector governance of climate adaptation in Sardinia, 
a region where adaptation strategies and measures have been scarcely discussed so far. We aim at 
identifying the main actors - and the synergies between them – which are explicitly or implicitly involved in 
setting climate change adaptation strategies or measures. Furthermore, we scrutinize regional plans to 
figure out to what extent adaptations strategies or measures have been taken into account by the regional 
administration. The paper unfolds as follows. In the next section, we report on scientific literature 
concerning governance of climate change adaptation. In the third section, we describe the methodology 
proposed and applied in this research. In the fourth section, the results are shown and discussed. Finally, 
section five focuses on the concluding remarks.   
2 GOVERNANCE OF CLIMATE CHANGE ADAPTATION   
The importance of climate change adaptation measures has grown over time. Indeed, even if the 
greenhouse gases emissions ceased today, the climate change in progress would continue in the future 
(Baffo et al., 2009). In 2013, the European Commission adopted a strategy on adaptation to climate change 
(EU Adaptation Strategy) that aims to make the European context more climate-resilient. The EU Adaptation 
Strategy focuses on promoting (i) action by Member States, (ii) better-informed decision-making, and (iii) 
adaptation in key vulnerable sectors (European Commission, 2013). Adaptation to climate change is affected 
by a series of elements including economic resources and social factors (values, interests, traditions and so 
on). Scientific literature stresses that hard factors (legal, economic and technological) as well as soft factors 
(social) should be considered by governance approaches to adaptation, and social factors can be an 
important barrier that needs to be overcome in implementing adaptation strategies (Grothmann, 2011). 
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According to the SNACC (MEPLS, 2015), the adaptation measures can be clustered in three macro-groups: 
gray, green, and soft measures. Gray measures include technological and engineering solutions, green ones 
consist of ecosystem-based approaches, while the soft ones include management, legal and political 
approaches (including governance system). Governance is a key factor “in shaping the process of 
adaptation” (Wolf, 2011) and “effective adaptation to climate change requires new governance approaches 
that are able to bridge or even transcend governmental levels and societal domains” (Bauer & Steurer, 
2014). Climate change influences several sectors and actors, and scientific literature points out the necessity 
for coordinated and cooperative adaptation governance to solve or avoid conflicts and implement adaptation 
measures (Grothmann, 2011; Juhola & Westerhoff, 2011). Runhaar et al. (2017) state that “[m]ainstreaming 
climate adaptation objectives into existing policies [...] is widely advocated for public action”. Thus, 
adaptation to climate change and governance have been addressed in scientific literature in both European 
and non-European contexts. As an example, Bauer and Steurer (2014) studied the effects of regional 
adaptation partnerships in facilitating adaptation to climate change in a multi-level governance context in 
Canada and England. The authors scrutinized documents such as reports and websites, and performed semi-
structured interviews with responsible, managers and key partners involved in the partnerships. In this 
study, we focus on governance in the climate change adaptation context, aiming at scrutinizing the main 
actors and factors currently explicitly or implicitly involved in setting climate change adaptation strategies in 
Sardinia. 
3 METHOD  
We focus on regional governance of climate adaptation in Sardinia (Fig. 1). In detail, we: (i) use data 
provided by the Autonomous Region of Sardinia to figure out the level of regional officers’ acquaintance 
concerning adaptation to climate change; (ii) perform an analysis of the official regional website to define 
the regional organization chart and identify the assignments per Regional Departments (RDs) and Services 
(RSs); (iii) analyze regional plans to assess if adaptation measures have been included in such documents 
(Tab. 1).  
 
 
Fig. 1 Geographical context. A: in gray, Italy; B: in gray, Sardinia 
209 
 
 
 
(QYLURPHQWDODQGWHUULWRULDOPRGHOOLQJ
IRUSODQQLQJDQGGHVLJQ
,6%1
'2,
)HGRD3UHVV
A. De Montis, A. Ledda, E.A. Di Cesare, D. Trogu, M. Campagna, G. Cocco, G. Satta 
 
 
 
TOPIC TOOLS  DESCRIPTION 
GOVERNANCE 
AND 
ADAPTATION 
TO CLIMATE 
CHANGE  
On-line 
questionnaire 
We use data provided by the Autonomous Region of Sardinia, which 
were recorded through an on-line questionnaire developed in the 
context of the Life project ‘Master Adapt’. Such data help us to figure 
out the level of regional officers’ acquaintance concerning adaptation 
to climate change.  
Analysis of official 
regional website 
and documents 
We draft the organisation chart of the Regional Departments, to 
identify responsibilities for adaptation measures at the regional level.  
Analysis of regional 
plans 
We scrutinize plans to assess to what extent the adaptation to climate 
change has been considered in such documents. 
Tab. 1 Methods and tools adopted for investigating the current regional governance of climate change adaptation 
 
We scrutinize the plans against four criteria rooted in scientific literature and/or in international/national 
guidance documents or strategies (Tab. 2). 
 
CRITERIA DESCRIPTION REFERENCES 
ADAPTATION STRATEGIES REFERENCE Do the documents refer to national or 
international climate change adaptation 
strategies? 
European 
Commission ,2013; 
MEPLS, 2015 
ADAPTATION MEASURES Do the plans define climate change 
adaptation measures?  
European 
Commission, 2013; 
MEPLS, 2015 
IMPLICIT OR EXPLICIT MEASURES Are the adaptation measures implicit or 
explicit? 
Donner et al., 2016 
RESPONSIBLE FOR THE IDENTIFIED 
ADAPTATION MEASURES 
Do the plans define responsibilities for 
adaptation measures? 
 
Mees & Driessen, 
2018; MEPLS, 2015 
Tab. 2 Criteria selected for analyzing the plans 
 
 
We aim at checking if the plans refer to national or international climate change adaptation strategies (i.e. 
EU Strategy and/or SNACC), which define a framework for defining climate change adaptation actions, and if 
adaptation measures are defined by the plans. We report on implicit or explicit adaptation measures, where 
implicit measures stand for “activities which can reduce societal vulnerability to external stresses like climate 
events (e.g., capacity building), but may not be explicitly designed to adapt to a particular range of 
projected climate outcomes” (Donner et al., 2016). Finally, according to Mees and Driessen (2018), clear 
responsibilities are key for adaptation governance and, then, we check if responsibilities for adaptation have 
been assigned. 
4 RESULTS AND DISCUSSION  
In the context of the Life project MASTER Adapt (MAinSTreaming Experiences at Regional and local level for 
adaptation to climate change), the Autonomous Region of Sardinia investigated on methodology to activate 
a mainstreaming action to adaptation to climate change so that regions, metropolitan cities and local 
authorities can incorporate climate change adaptation (CCA) actions into their plans and programs (MASTER 
ADAPT, 2018). The results of the project, which will be promoted between the Italian and European regions, 
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will be at the basis of the strategic framework of the plan of the regional adaptation to climate changes 
(PRACC). The method implies, inter alia, the opportunity of working -since the early stages of the PRACC 
drafting- on three issues: i) involvement of regional structures (departments, agencies and agencies), in a 
collaborative process aiming at the identification of the objectives and adaptation options to be adopted in 
the corresponding sector plans and programs; ii) identification of territorial partnerships for adaptation to CC 
at the intermunicipal (see the Interregional Board for the adaptation of the Environment and Energy 
Commission of the State-Regions Conference) and regional level (see the inter-departmental coordination 
board for the adaptation established in 2015); iii) elaboration of strategic projects for adaptation, on a 
supra-municipal scale, as test case studies in the perspective to define minimum climate unit suitable for the 
implementation of strategies and adaptation actions identified in the PRACC. The first investigation involves 
regional officers and aims at ascertaining the level of familiarity with the issues connected to adaptation to 
climate change. On a sample of 21 answers, part of the respondents claims to know climate change issues 
well or very well. Four respondents claim to deal with climate change as a relevant part of their tasks. 
Finally, little attention has been posed on both national strategy and plan for adaptation to climate change 
(i.e. few respondents specify to have read such documents). As a second step, we recreate the network of 
regional assignments per RD - which usually consist of RSs - for identifying responsibilities for adaptation 
measures at the regional level. The Decrees concerning the RSs institution and their respective statutory 
core tasks have been retrieved on-line. We assessed if such decrees included tasks consistent with the 
adaptation measures suggested by the SNACC, with focus on governance issues. Such an analysis is still 
ongoing, but preliminary results show that some adaptation tasks belong (explicitly or implicitly) to the 
Environment and Agriculture RDs. To perform the third step, we gave priority to the analysis of plans and 
programs concerning the landscape, water, and agriculture sectors, for they have been identified as priority 
sectors for the SRACC. We retrieved on-line and scrutinized four regional plans to figure out if such 
documents included adaptation measures.  
Thus, the plans have been analyzed against four basic criteria: (i) presence of explicit reference to national 
or international adaptation strategies, (ii) presence of implicit and explicit adaptation measures, (iii) 
specification of the presence of implicit or explicit adaptation measures, and (iv) identification of the 
responsible authorities for the identified adaptation measures. Tab. 3 reports on the results of such review. 
The Landscape Plan and the Hydrogeological System Plan described measures that could be considered 
adaptation measures such as: processes of de-pollution and environmental regeneration, vegetable 
recolonization in industrial areas, functionality preservation of watercourses, drainage structures, which 
mainly consist of gray and green adaptation measures. 
Overall, two out of four plans explicitly report on adaptation measures. The River Basin District Management 
Plan explicitly identifies adaptation measures such as: updating and integration of weather-climate data 
acquisition systems, updating and development of the drought monitoring system, drafting and 
dissemination of guidelines aimed at saving water in agriculture. 
The Flood Risk Management Plan provides prevention and protection measures in synergy with the SNACC, 
as, where possible, the measures are oriented towards favoring the resilience of the involved systems, in 
order to support climate change adaptation. The Plan includes both gray and soft adaptation measures. The 
gray measures include the realization of protective works (e.g. slopes stabilization, relocation of elements 
due to a given risk), while the soft measures include study and monitoring actions, active territorial 
maintenance (e.g. improvement of the knowledge of critical hydraulic situations). 
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REGIONAL PLAN OR PROGRAM YEAR ADAPTATION 
STRATEGIES 
REFERENCE 
ADAPTATION 
MEASURES 
IMPLICIT OR 
EXPLICIT 
MEASURES 
RESPONSIBLE 
FOR THE 
IDENTIFIED 
ADAPTATION 
MEASURES 
Regional Landscape Plan [Piano 
Paesaggistico regionale] 
2006 No Yes Implicit Yes 
Hydrogeological System Plan 
[Piano stralcio per l’assetto 
idrogeologico] 
2004 No Yes Implicit Yes 
River Basin District Management 
Plan [Riesame e aggiornamento 
del piano di gestione del 
distretto idrografico della 
Sardegna] 
2016 No Yes Explicit Yes 
Flood Risk Management Plan 
[Piano di Gestione Rischio 
Alluvioni] 
2016 
(update 
2017) 
EU strategy 
on adaptation 
to climate 
change 
 
Italian 
Strategy for 
Climate 
Change 
Adaptation 
Yes Explicit Yes 
Tab. 3 Analysis of regional plans: findings 
 
5 CONCLUSIONS 
In this study, we focus on the governance of adaptation to climate change in Sardinia, a region where the 
interest in adaptation is still in its infancy. We analyze the current adaptation regional scenario, identifying 
responsibilities for adaptation measures at the regional level and assessing to what extent the adaptation to 
climate change has been considered in regional plans and programs. 
This study can be considered as an early base for more systematic analyses. Preliminary results show that, 
in general, despite some RSs are (explicitly or implicitly) responsible for adaptation tasks, regional officers do 
not always have complete awareness about their competence in such a domain. Finally, although implicitly, 
the regional plans analyzed so far contain adaptation measures.  
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ABSTRACT
Climate Change (CC) is recognized as an urgent concern, which implies negative effects on the 
environment, such as sea level rise, coastal erosion, ﬂ ooding, droughts, and desertiﬁ cation. It 
involves not only the environmental, but also the economic, and social sphere. The impacts 
of CC are addressed through two complementary strategies: mitigation and adaptation. The 
ﬁ rst one operates on the reasons of CC aiming at preventing or reducing greenhouse gases 
emissions, while the second one focuses on the damage they can cause, aiming at minimizing 
it or to take advantage of opportunities that may occur.
Strategic Environmental Assessment (SEA) represents a systematic and participatory decision-
making support process, aiming at integrating environmental considerations in the elaboration 
of plans and programs. While SEA regards explicitly mitigation strategies, so far it still refers 
marginally to CC adaptation measures to be carried on when implementing spatial planning 
tools at the regional and local scale. The integration of SEA processes with concepts inspired 
to adaptation to CCs represents a powerful tool for mainstreaming the corresponding policies 
and strategies. In this study, we scrutinize SEA and spatial planning tools issued in Sardinia 
(Italy), with reference to their attitude to incorporate possible climate adaptation concerns. We 
are interested in proposing and applying a framework based on internationally acknowledged 
criteria that need to be met to properly implement climate change adaptation measures and 
actions in current spatial planning and SEA practices. 
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1 INTRODUCTION  
According to the Italian National Strategy for Adaptation to Climate Change (SNACC), over the next decades, 
the impacts resulting from climate change in the European Mediterranean region will be particularly negative. 
These impacts, in combination with the effects of human pressure on natural resources, make this area one 
of the most vulnerable in Europe. Therefore, it is necessary, in addition to defining climate change mitigation 
policies and strategies, to introduce adaptation measures, aimed at countering the effects of climate change 
in the best possible way, in spatial planning policies both at the local and the global scale. Strategic 
Environmental Assessment (SEA) aims at assessing the effects of certain plans and programs on the 
environment and could be “vehicle for the implementation of climate protection within spatial planning ([Blanco 
et al., 2009]), [...]” (Wende et al., 2012). Then, in this paper we aim at: i) assessing if and to what extent 
SEA reports address climate change adaptation issues, and ii) highlighting critical factors that need to be dealt 
with in the Regional Strategy for Adaptation to Climate Change (SRACC).  
The paper is organized as follows. The second section gives a brief description of the SEA and climate change 
adaptation issues based on literature review, while the third section illustrates the study methodology, which 
investigates the state of the art of climate change adaptation integration in Sardinian SEAs. Then, the fourth 
section highlights the results of this preliminary analysis, while the last section illustrates the concluding 
remarks and some elements for future research.  
2 STRATEGIC ENVIRONMENTAL ASSESSMENT AND CLIMATE CHANGE  
The Directive 2001/42/EC (SEA Directive) has officially introduced the SEA within the European Union as a 
mandatory procedure for plans and programs, which goes with the decision-making process since the early 
stages of elaboration with the aim to govern territorial development according to sustainable principles. The 
SEA aims at assessing the effects of certain plans and programs on the environment, integrating environmental 
considerations into the design of planning and programming tools (European Parliament and Council, 2011). 
SEA promotes a significant methodological innovation in the plan-making process, aiming at enriching it with 
environmental considerations and public participation. During the process, the SEA Report shall be produced, 
in order to document the results of the analyses carried out, including the description of significant expected 
effects on the environment (including those ones linked to biodiversity, population, human health, fauna, flora, 
soil, water, air, climatic factors), and encouraging public participation and transparency. The 
Intergovernmental Panel on Climate Change (IPCC) states that “human influence on the climate system is 
clear and growing, with impacts observed across all continents and oceans” (Pachauri & Meyer, 2014). Climate 
change has been acknowledged “as one of the major environmental challenges of the global society” (Larsen 
et al., 2012) and includes effects such as increase of temperature, rising of sea level, and more frequent and 
intense floods and droughts than in the past (Pachauri & Meyer, 2014). Over time, adaptation measures have 
been proposed to prevent or minimize the negative effects of climate change and take advantage when it is 
possible. According to Salzmann et al. (2016), “climate change adaptation refers to the adjustment of natural 
or human systems as a response to actual or expected climatic stimuli or their effects, which moderates harms 
or exploits beneficial opportunities”. Adaptation measures include crop diversification, early warning systems, 
and seasonal climate forecasting (Ochieng et al., 2016). 
In 2013, the European Commission adopted an EU strategy on adaptation to climate change (EU Strategy), 
which focuses on the promotion of three main targets: (i) action by Member States, (ii) climate-proofing action 
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at EU level, (iii) better informed decision-making (European Commission, 2013a). The EU Strategy consists of 
several documents, including the one ‘Principles and recommendations for integrating climate change 
adaptation considerations under the 2014-2020 rural development programmes’. According to such a 
document, “[so] far, SEA has been designed to assess impacts on the environment, rather than viceversa – 
e.g. to assess impacts of a changing climate on a programme. However, climate change impacts are closely 
related to the environment and, typically, biodiversity and ecosystems” (European Commission, 2013a). The 
European Commission remarks the need for considering climate change impacts in implementing: (i) European 
Directives on environmental assessments (i.e. Environmental Impact Assessment and SEA), and (ii) spatial 
planning policies (Commission of the European Communities, 2009). 6LQFHWKHSXUSRVHRI6($LVWRHQFRXUDJH
WUDQVSDUHQWDQGHQYLURQPHQWDOLQIRUPHGGHFLVLRQPDNLQJSURFHVVHV)XQGLQJVODQG7HWORZ	+DQXVFK
SEA is acknowledged as “the vehicle for the implementation of climate protection within spatial planning 
([Blanco et al., 2009]), [...]” (Wende et al., 2012). Furthermore, in 2013 the European Commission released 
the ‘Guidance on Integrating Climate Change and Biodiversity into Strategic Environmental Assessment’ 
(European Commission, 2013b). 
In this study, we aim at investigating whether in Sardinia the SEA Reports of regional plans and programs deal 
with climate change adaptation issues. Moreover, we want to verify whether adaptation-driven SEA processes 
lead to drafting plans and programs focusing on climate change adaptation issues. 
3 METHOD  
In this study, we scrutinize SEA Reports of regional plans and programs in Sardinia (Fig. 1), Italy, for assessing 
to what extent climate change adaptation has been taken into account during the plan elaboration process, in 
order to integrate the plan main objectives. Three SEA Reports were selected, among the most recent adopted 
plans, and checked to verify if adaptation strategies and measures are considered.  
 
 
Fig. 1 Geographical context. A: in gray, Italy; B: in gray, Sardinia 
 
The SEA Reports have been analyzed against four basic criteria (Tab. 1): (i) outline of (and relation with) the 
main objectives of national or international climate change adaptation strategies, (ii) presence of a climate 
analysis at the regional level, (iii) identification of adaptation objectives to be included in the plan, and (iv) 
description of implicit or explicit adaptation objectives. 
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CRITERIA REFERENCES KEY POINTS 
REFERENCE TO 
ADAPTATION 
STRATEGIES  
European Commission, 2013; 
MEPLS, 2015 National or international climate change adaptation strategies 
CLIMATE ANALYSIS (Prutsch et al., 2010) Climate analysis, regional level 
ADAPTATION OBJECTIVES (Prutsch et al., 2010) Adaptation objectives 
IMPLICIT OR EXPLICIT 
MEASURES 
(Donner et al., 2016) 
 Implicit or explicit adaptation measures 
Tab. 1 Analysis of ERs: method 
 
We aim at checking if the SEA reports refer to national or international climate change adaptation strategies 
(i.e. EU Strategy and/or SNACC), which define a framework for defining climate change adaptation actions. 
Prutsch et al. (2010) argue that the potential effects of climate change need to be assessed and a series of 
factors have to be considered, including “[a]nalyse the impacts of past weather events and recent climate 
trends on key systems” (Prutsch et al., 2010), thus we check if the ERs include a climate analysis. According 
to Prutsch et al. (2010) “adaptation options should be characterized in as much detail as feasible including 
information about objectives, direct and indirect effects with emphasis on potential benefits [and so on]”. 
Then, we check if adaptation objectives are defined. Finally, we report on implicit or explicit adaptation 
measures, where implicit measures stand for “activities which can reduce societal vulnerability to external 
stresses like climate events (e.g., capacity building), but may not be explicitly designed to adapt to a particular 
range of projected climate outcomes” (Donner et al., 2016).  
4 RESULTS AND DISCUSSION  
We find out that the SEA Report of the Flood Risk Management Plan refers explicitly to the SNACC while 
outlining the contents and the main objectives of the other relevant plans and programmes, as required by 
Annex I to the SEA Directive. It clarifies how the Plan transposes the principles brought by the SNACC, through 
the implementation of a set of structural and non-structural measures. It also reports on a general climate 
analysis at the regional level without reference to past and current climate trends. The SEA Report of the 
Regional Energetic and Environmental Plan describes the impacts of climate change on the energy sector, 
such as extreme weather events, heat waves and projections on annual rainfall changes. Moreover, it outlines 
the relevant SNACC information to be integrated in the Plan objectives. The SEA Report of the Rural 
Development Programme refers to both SNACC and national climate change adaptation plan (which has not 
been approved yet), and includes a climate analysis at the regional level. It also shows a set of explicit climate 
change adaptation measures, including recover of production potential damaged by natural disasters and 
catastrophic events and definition of appropriate prevention measures, investments for development of forest 
areas and improvement of forest revenue-generating, agri-climate-environmental payments, and so on. Tab. 
2 summarizes the results of the scrutiny. As for the clarification of the causal relation between adaptation-
driven SEA processes and focus of planning and programming tools on adaptation measures, we scrutinized 
how far the same plans and programs consider issues related to adaptation to climate change (De Montis et 
al., 2018). The aim of this comparison is to understand if the presence of implicit or explicit adaptation 
measures in each plan/program, is related to the SEA. The results of the comparison are synthetized in Tab. 
3. All plans and programs but the first one explicitly refer to climate change adaptation measures and so do 
the related SEA Reports. The SEA of the Hydrogeological System Plan has not been carried out yet. The ERs 
report on climate change adaptation objectives, according to European and national guidance. Thus, as far as 
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the analysis of the tools considered suggests, there is a correspondence between adaptation-driven SEA 
processes and planning tools focus for adaptation measures.  
 
 
Plans evaluated YEAR ADAPTATION 
STRATEGIES 
REFERENCE 
CLIMATE 
ANALYSIS 
ADAPTATION 
OBJECTIVES 
IMPLICIT OR 
EXPLICIT 
MEASURES 
Flood Risk Management 
Plan (PGRA) 
2016 EU strategy on 
adaptation to 
climate change 
 
Italian national 
strategy on 
adaptation to 
climate change 
Yes Yes Explicit 
Regional Energetic and 
Environmental Plan 
(PAES 2015-2030) 
2015 Italian national 
strategy on 
adaptation to 
climate change 
Yes Yes Explicit 
Rural Development 
Programme 2014-2020 
(PSR) 
2015 EU strategy on 
adaptation to 
climate change 
 
Italian national 
strategy on 
adaptation to 
climate change 
Yes Yes Explicit 
Tab. 2 Analysis of SEA Reports by plans and programs: findings 
 
 
REGIONAL PLAN OR PROGRAM YEAR IMPLICIT OR 
EXPLICIT 
ADAPTATION 
MEASURES 
SEA ADAPTATION  
QUOTED IN THE 
SEA REPORT 
Hydrogeological System Plan  
[Piano stralcio per l’assetto 
idrogeologico] 
2004 Implicit No No 
Flood Risk Management Plan  
[Piano di Gestione Rischio Alluvioni] 
2016 
(update 
2017) 
Explicit Yes Yes 
Regional Energetic and 
Environmental Plan 
[Piano energetico ed ambientale] 
2015 Explicit Yes Yes 
Rural Development Programme 
[Programma di Sviluppo Rurale] 
2015 Explicit Yes Yes 
Tab. 3 Final comparison 
5 CONCLUSIONS 
In this study, we investigate if and how far the issue of climate change adaptation is addressed in the most 
recent SEA of regional plans and programs in Sardinia, through the examination of their respective SEA 
Reports. The analysis highlights that climate change adaptation considerations are beginning to influence, 
implicitly or explicitly, planning practices also thanks to the availability of sectorial national and international 
strategies (i.e. EU Strategy and SNACC), underlining the importance of developing the Sardinian SRACC. 
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Notwithstanding this is a preliminary study, we found out that SEA represents a useful instrument to integrate 
environmental considerations related to climate change adaptation into the objectives of plans and programs. 
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ABSTRACT
Elaeis guineensis Jacq. is a palm species of the Arecaceae’s family commonly called Oil palm; it is 
planted extensively in South-East Asia. Palm oil is the world highest yielding oil crop. Cultivation 
of oil palm in tropical countries, on one hand is an important economic factor, but, on the other 
hand, it endangers biodiversity and degrades the environment with a global impact. From this 
point of view, remote sensing can support a more efﬁcient plantation management that takes into 
account their effects over environment. MODIS EVI maps obtained from the MODIS Vegetation 
Index, 16 days composite product (MOD13Q1), were used to monitoring tropical vegetation. In 
this work a EVI time series, covering 18 years, was processed to automatically detect new oil 
palm plantations an also giving an estimate of the age. The proposed methodology is simple 
enough, since automatic, to be retained useful to many stakeholders: governmental institutions 
and environmental associations could use it to continuously monitoring the state of the national 
natural/crop capital; landscape/territory planners can use it to read and drive pattern of changes; 
private owners and local farmers could be interested in assessing crop conditions for precision 
farming (a further improvement should be done).
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1 INTRODUCTION  
Elaeis guineensis Jacq. is a palm species of the Arecaceae’s family commonly called Oil palm; it is planted 
extensively in South-East Asia, especially in Malaysia, Thailand, and Indonesia. These regions represent the 
11% of the world’s remaining tropical forests (Iremonger et al., 1997), containing endemic or rare forest 
habitats (Koh, 2007; Mittermeier et al., 2004; Sodhi et al., 2004). Cultivation of oil palm in these tropical 
countries, on one hand is an important economic factor, but, on the other hand, it endangers biodiversity 
and degrades the environment with a global impact (Koh & Wilcove, 2008).  
Palm oil is the world highest yielding oil crop. Specifically, in Indonesia, plantations showed an increasing 
linear trend between 2000 and 2014 (Chong, 2017).   
Respectively the consumption of palm oil over the world is growing through the years: 55 Million to 60 
Million tons between 2012 and 2016 (Chong, 2017). Oil palm is a perennial tree well fits the humid tropical 
climate (Corley & Tinker, 2008). Plantations generally show a triangular pattern (9 m row spacing) aimed at 
optimizing sunlight penetration (Basiron, 2007). The majority of planted oil palms are clones (Chong, 2017) 
resulting in a uniform pattern that makes oil palms areas different from natural forest in satellite imagery 
(Shafri et al., 2011). From this point of view, remote sensing can support a more efficient plantation 
management that takes into account their effects over environment.  Plantations monitoring by remote 
sensing well fits requirements of precision farming that many stakeholders are currently approaching to 
decrease environmental impacts. Among the available remotely sensed data, the NASA’s sensors MODerate 
resolution Imaging Spectroradiometer (MODIS) onboard the Terra and Aqua satellites have been widely 
used in a variety of studies (Colombo et al., 2011; Hmimina et al., 2013; Soudani et al., 2008; Testa et al., 
2018; Zhang et al., 2003).  
Thanks to the two twin MODIS instruments, MODIS data are acquired globally twice per day per instrument 
at the spatial resolutions of 250 m, 500 m and 1 km at nadir, depending on the spectral band. MODIS 
imagery is distributed at various pre-processing levels and, with respect to the temporal resolution, data are 
released as both GDLO\DQGFRPSRVLWHVSURGXFWVWKHODWWHUJHQHUDWHGDWGLᚎerent compositing steps (8 -day, 
16-day, monthly). Composite data have some advantages respective to daily data because the compositing 
process strongly reduces the effect of clouds, snow and noise (Solano et al., 2010). In this work a time 
series of EVI (Enhanced Vegetation Index, Huete et al., 1999) maps, covering the period 2000–2018, was 
generated from the MODIS Vegetation Index products (MOD13Q1-v5) with the aim of automatically 
detecting new oil palm plantations and possibly giving an estimate of their age.  
EVI spectral index has proved to be more effective in mapping vegetation in those situations where 
atmospheric scattering and vegetation vigor are high, and background contribution to signal is not negligible 
(Hufkens et al.,2012; Xiao et al., 2003). These are exactly the conditions that can be found in the Borneo 
area, therefore suggesting the adoption of EVI in place of the ordinary NDVI (Normalized Difference 
Vegetation Index).  
2 MATERIALS AND METHODS  
2.1   STUDY AREA  
The study area (Fig. 1) is sited in the South of Kalimantan Tengah (Central Kalimantan), a province of 
Indonesia located on Borneo island (2°53'57.58"S - 112°22'6.47"E, WGS-84 reference frame).  
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Fig. 1 Study area. A) Indo-China zone. B) Gain value map of study area 
Study area was determined on landmarks basis (rivers, sea shore, etc.) resulting in about 2.95 million 
hectares. Morphology is generally flat with no significant reliefs; some microclimatic conditions can however 
be found conditioning vegetative activity of plants.  
2.2   DATASET 
An EVI (Enhanced Vegetation Index) image time series (hereinafter called ETS), composed of 415 images, 
and covering the period 18/02/2000-18/02/2018 was generated from the MOD13Q1-v5 dataset available 
from the NASA LPDAAC collection (Solano et al., 2010). The Global Forest Change (GFC) 2000–2016 
dataset-v1.4 (Hansen et al., 2013) was also obtained from the Hansen/UMD/Google/USGS/NASA system in 
raster format.  GFC is divided into 10x10 degree tiles, consisting of seven files per tile. All files contain 
unsigned 8-bit values and have a spatial resolution of 1 arc-second per pixel (approximately 30 meters per 
pixel at the equator). 
For this work the following GFC layers were used: a) the Global forest cover loss 2000–2016 (loss, 
hereinafter called GFC-L) layer was used representing the forest loss during the period 2000–2016, defined 
as a stand-replacement disturbance, or a change from a forest to non-forest state. Encoded as either 1 
(loss) or 0 (no loss); b) the Year of gross forest cover loss event (lossyear, hereinafter called GFC-YL), 
defined as a disaggregation of total forest loss to annual time scales. Encoded as either 0 (no loss) or else a 
value in the range 1–16, representing loss detected primarily in the year 2001–2016, respectively. Bothe 
GCF raster layers were preventively projected into the WGS84 UTM 49 S reference system, setting a Ground 
Sampling Distance (GSD) equal to 30m.  
A 
B 
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2.3   MAPPING OIL PALM PLANTATIONS 
A new methodology for oil palm plantations detection and characterization (in terms of age) was developed 
based on EVI temporal profile analysis of ETS pixels. Local EVI profile is assumed to describe vegetation 
macro-phenology; the detection algorithm is in charge of exploring it looking for an abrupt change in EVI 
values (sudden decreasing). Candidate pixels representing newly planted oil palms were detected with 
reference to the 1st order polynomial approximating by regression EVI local values in the whole reference 
period; gain value of the local line was assumed as predictor of new oil palm plantations and saved in a new 
image layer. It was noted that in tropical areas, new palm plantations determine steeper (positive) 
regression lines than natural vegetation that did not change in the considered period.  
In general can be observed that when natural vegetation is constantly present, yearly EVI trend is slightly 
varying with no remarkable profile steep trait, determining gain value close to zero. Differently, if a new 
plantation occurs, EVI temporal profiles suddenly decreases at the moment of forest cut, but, after a 
transitional period, it reaches a new state of vigor corresponding to higher EVI values. The abrupt EVI value 
decreasing that occurs when natural vegetation is cut, the consequent oil palm planting and growing 
determines a significant increasing of line gain, in general higher than 2.0. To extract ETS pixels that 
potentially suffered from vegetation change, from natural vegetation to oil palm, the above mentioned gain 
value image layer was therefore thresholded with reference to this value, obtaining a rough map of new oil 
palm plantations with the following classes: 1= Oil Palm (OP), 0 = Not-OP (NOP). 
Raster classification was finally vectorised and refined deleting (by ordinary GIS vector map editing tools) all 
those polygons smaller than 100 ha, being declared plantation average size in general higher of this value, 
typically following a rectangular pattern of 1000 m x 300 m. Classification accuracy assessment was 
achieved with reference to GFC-L. Refined vector map (Fig. 3-[A]) was converted back to the raster format 
by nearest neighbor resampling, making it consistent with GCF-L (GSD=30 m). It is worth to remind that 
GFC-L represents the forest loss occurred in the period 2000-2016, that authors assumed to be potentially 
and totally due to new oil palm plantations in the same period. In fact, in this region new palm plantations 
are the first reason of forest loss (Curran et al., 2004), making this assumption reasonable. Image 
processing for oil palm plantations detection was achieved by self-developed routines implemented in IDL 
8.0 and free GIS software (QGIS 2.18.4 and Saga GIS 6.2).  
2.4   ESTIMATING STARTING DATE AND AGE OF PLANTATIONS 
The age of oil palm plantation is an important parameter for crop management: it is a good predictor of 
yearly yield and conditions the quality and quantity of the fresh fruit bunches (FFB). According to the above 
mentioned classification, ETS profile of all the OP pixel were analyzed at year level looking for the moment 
of the forestry loss preceding oil palms plantation.  
ETS profiles were explored by a sliding window (kernel) including 23 EVI values: 11 preceding (about six 
months) and 11 following the one the kernel was centered around. EVI values successively included within 
the window were approximated by a 1st order polynomial (by Ordinary Least Squares estimation) recording 
the correspondent gain value in a temporary array, i.e. the Local Gain value Time Series (LGTS,  Fig. 2). 
It was found that the minimum value of the LGTS was a reasonable predictor of the moment of the forest 
loss at that position. For each OP pixel an estimate of the year when the new plantation was supposed to 
start was computed according to the above mentioned minimum value criterion. A new image layer was 
therefore generated containing the estimate of the year when the cut occurred (Fig.3-[B]).  
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Fig. 2 An example of the Local Gain value Time Series (LGTS) of a generic OP pixel. The moment when LGTS is minimum (red) is assumed 
as the moment of the forest loss (intermediate date between the beginning and the completion of forest cut) 
 
This map is an effective tool to represent new plantation trends in the investigated period and their spatial 
distribution. The age of plantations from available data was computed by comparing (by differencing) the 
estimated planting year with the present (2018). Accuracy assessment of plantations age was achieved with 
reference to GFC-YL by computing the correspondent confusion matrix and limiting the check to the years 
2000-2016.  
3   RESULTS AND DISCUSSION 
Concerning new oil palm plantation detection the proposed method, based on the thresholding of the gain 
value of the regression line computed along the whole ETS, proved to be effective: overall accuracy was 
found to be equal to 96%. In the area about 577467 ha (20% of the whole) were converted from forest to 
oil palm plantations in the reference period (2000-2018).  
Gain value of the line interpolating the entire ETS at pixel level proved to be a good discriminant to map 
vegetation changes and, in particular, those where the following succession occurred: forest vegetation-
cutting-oil palm plantation. In fact, replacement of forest with other surface types (e.g. urban or bare soil) 
would have determined lower, possibly negative, values of gain and not highly positive as the threshold 
value proposed in this work. 
Estimation of plantations age proved to be more critical; transition matrix was calculated by difference 
between map of plantations age estimates and GCF-YL. Relate frequency histogram showed that only 20% 
of detected plantations were correctly dated. 
Nevertheless, if we consider a sliding window including 12 months (6 proceeding and 6 following the kernel) 
we have an estimate uncertainty equal to 1 years. 
Thus, we tolerated all errors follow between ±1 year ranges. Analyzing cumulative frequency histogram (Fig. 
4), only 36% of the observations follow in a tolerant range.  
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Fig. 3 [A] Classification of oil palm plantations (OP, orange) started in the considered period 2000- 2018. [B] Map of the estimates of the 
age of detected oil palm plantations. Only plantation that started between 2000-2018 can be mapped.  
Reference frame of figure is Geographic WGS84 
 
 
 
Fig. 4 Cumulative frequency histogram (absolute difference) of transition matrix obtained by difference between 
 Estimate starting moment map and reference map 
4   CONCLUSIONS 
This work was aimed at mapping areas potentially interested by new oil palm plantations in the Borneo in 
the period 2000-2018 trying to give an estimate of the date of forest loss/new plantation starting. The 
proposed method was based on EVI image time series obtained from the MODIS MOD13Q1 (v5). 
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The proposed methodology, was consciously thought simple and automatic. It proved to be effective in 
mapping abrupt changes in forest cover and, in particular, those changes where a previously existing 
vegetation, after cutting, was replaced with another one. As usual in remote sensing, the correct 
interpretation of the mapped changes can only rely on auxiliary information available for the area.  
Detected changes in vegetation cover could, in fact, be also related to abiotic or biotic disturbance like 
wildfire, plant diseases, human clear cut. Mapped changes were, therefore, possible to be labelled as “new 
oil palm plantations”, only on a probabilistic basis; the area, in fact, is known to be heavily, and almost 
solely, affected by forest cut for planting of new palms aimed at oil production. 
In spite of this important consideration, often neglected by remote sensing users, the method proved to be 
accurate enough with an overall accuracy of 96 %.    
At the moment, the proposed method appears to be still not satisfying to correctly estimate the starting date 
of detected new plantations: only 36% of detected plantations were satisfyingly dated (r 1 year). 
Nevertheless map of plantation starting date, once refined, is retained to represent a good tool to monitor 
landscape transformations. 
Future investigation will try to minimize ETS outliers and use minimum value criterion on ETS to make 
possible give a more accurate estimation of the starting date and, consequently, of new productions in the 
area if a unitary production curve is available. 
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ABSTRACT
Rural landscapes in the Apulia region have been strongly inﬂ uenced by changes in water 
technologies and practices occurred in the XX century, which led to the construction of the 
largest aqueduct in Europe and to a complex system of tamed waterscapes across the region. 
Modernization was conceived of as a means to free local communities from water scarcity and 
poverty. Nevertheless, scarcity never ended in the region, as it is entangled with a development 
approach based on the linearization of ecological processes, whose negative impacts on 
ecological and socio-economic aspects are more and more evident. 
Starting from a critique of this development approach, the paper discusses the innovation 
potentials rooted in multi-sectoral and multi-functional approaches to water and rural 
development analysis and planning. For this purpose, reference is made to the new territorial-
landscape plan of the Apulia region, which has developed strategic projects fostering integrated 
approaches to natural resources and landscape analysis and planning. Pilot experiments carried 
out in the Apulia region for the revival of traditional technologies for water supply and for the 
implementation of a circular approach to resources management are also described, which 
suggest interesting innovation pathways to increase resilience and multi-functionality of water 
technologies and rural development.
KEYWORDS
Rural Landscapes; Water Technologies; Landscape Policies and Planning; Multi-functional 
Approaches
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1 INTRODUCTION  
Key changes in rural landscapes in the Apulia region are closely linked to changes in water resources 
management and planning, as these not only influence crop-cultivation potentials and choices, but have deep 
implications on environmental aspects and on the way local communities conceive of development patterns 
and visions, as shown in this paper.  
In Apulia, a process of radical technological change in the water sector took place in the post-Unification 
period, leading to the construction of the largest aqueduct in Europe1 and to a large-scale system of dams and 
water works for multiple purposes. This made pre-existing traditional technologies and practices for water 
harvesting almost completely defunct. The construction of the Apulian aqueduct started in 1904 from the 
visionary ideas of Camillo Rosalba, which bared to divert water from a nearby region and to carry up to 6,500 
l/sec of water through a tunnel as long as 55 km beneath the Apennines and yet another one 16 km below 
the Murgia, taking a course of about 250 km, from Caposele to Villa Castelli, in a pipeline which distributes 
water under natural load. At that time, that effort seemed “verging on madness, a challenge to nature” 
(Viterbo, 2010) even to worthy men of science, while later became in the popular imagination that “work of 
enduring civilization without equal that has opened up before Apulia a phase of progress exceeding all 
expectations” (Viterbo, 2010). 
This initial masterpiece of work was taken further in the second half of the XX century, by tapping a second 
spring from the river Calore at Cassano Irpino into the main pipeline and by connecting the main trunk to a 
complex system of multi-purpose dams feeding the new aqueducts of Pertusillo-Sinni, of Fortore, of Ofanto 
and of Locone. Today, water from these dams contributes as much as 60% of the total amount of water 
supplied by the Apulian Aqueduct while only 22% is now harvested from springs, the rest being taken from 
underground aquifers (AATO Puglia, 2009). 
The construction of the Apulian aqueduct was then paralleled in the XX century by a complex irrigation network 
system made by the newly created Consorzi di Bonifica (Land Reclamation Consortia), which took further land 
reclamation activities carried out since the Borbonic period, when Carlo Afan de Rivera pioneered the works 
in Capitanata. This produced a gigantic effort of domestication of water, which was particularly impressive in 
the northern part of Apulia, where the Land Reclamation Consortium of Capitanata produced, since 1933 
onwards, a radical infrastructural change in the organization and management of surface water, which had 
deep impacts on landscape as well as on productive, cultural, social and environmental features (Rienzo, 
2012).  
Finally, the XX century also saw the widespread dissemination of decentralized systems for groundwater 
extraction, which were largely conceived of as back-up solutions for irrigation by those who, in the short term, 
were not able to obtain water through large centralized schemes. The idea that an increase in water supply 
was an irrefutable right, especially for a population that had long suffered from the lack of water, and the 
underestimation of the impacts that modern water extraction technologies would have on hydrological cycles 
and groundwater dependent aquatic ecosystems, de facto led to widespread diffusion and very low public 
control on such practices. With the final result that today, compared to 873 Mm³ per year of estimated 


1 With its 20,752 km network and 323 tanks, the Apulian aqueduct  today distributes more than 18,500 l/sec of water to a 
population of over 4,000,000 people (Scagliarini, 2010). 
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consumption for irrigation (INEA, 2009), only little more than 200 Mm³ is provided by the Land Reclamation 
Consortia, with the rest coming from private wells, which are for the most part illegal2. 
These changes in the water sector had deep consequences not only on natural resources management but 
also on rural landscapes and on the way people conceived of technological progress and development patterns. 
In a region traditionally known as thirsty, due to its almost lack of water streams and very low rainfall3 these 
changes reinforced the idea that technological progress and modernization were the only way to break free 
from age-old deprivation, which in the past had condemned people to unhealthy practices and constrained 
development patterns4. The analysis of the conditions, strategies and consequences of the process of radical 
technological change undertaken in the water sector in the XX century will be the starting point of this paper 
(section 1), with the aim to show the deep environmental problems and cultural changes they produced. In 
the second section, the paper will then analyze some examples of traditional rural landscapes of the Apulia 
region and the way they embody a more resilient and multi-functional approach to water resources 
management. Finally, the paper will discuss the innovation potentials rooted in multi-sectoral and multi-
functional approaches to water and rural landscape analysis and planning proposed by some pilot initiatives 
across the region and by the strategic vision and projects promoted by the new territorial-landscape plan of 
the Apulia region.   
2 BEYOND TECHNOLOGY: ENVIRONMENTAL, KNOWLEDGE AND CULTURAL 
DIMENSIONS OF CHANGE 
The construction of the Apulian aqueduct has been traditionally conceived of as the “grand solution” (Viterbo, 
2010) largely invoked by local communities to ultimately solve water supply problems in the region. Its 
construction has been widely analyzed from an historical and political perspective as a process of induced 
modernization by a new alliance between the most productive and upwardly mobile sections of society with a 
new idea of the state as “political entrepreneur” (Masella, 1995). But this is not the focus of this article, whose 
interest lies more on the interplay between technological changes, resource management and changes in the 
tangible and intangible features of the rural landscapes.  
The complex multi-sectoral water network, of which the Apulian Aqueduct represents one of the main pillars, 
has contributed decisively to bringing about dramatic changes in standards of living and patterns of 
development within a region traditionally considered to be unable to match the pace of the civil and economic 
development of the country and constrained within backwardness by the absence of any possibility of irrigating 
the countryside, which led to the forced choice to grow extensive cultivations of grain (Masella,  1995). The 


2 Irrigation in Apulia is supplied at more than 75% from private wells (Distretto Idrografico dell’Appennino Meridionale, 
2010). This makes planning and management of this sector an extremely complicated task. 
3 As early as the 1st century BC, Horace spoke of “Apulia siticulosa” (thirsting Apulia). The strong scarcity of water resources, 
which was experienced both by the Lombards of Benevento and by the Byzantines settled in different parts of the region in 
the 7th century AD, even brought about the suggestion that the name Apulia itself was derived from the Greek ڲȺܣǊİǈĮ 
(apoleia), meaning “destruction” or “ruin” (Sirago, 1993). 
4 Engineer Filonardi, who had travelled all around the Bari area between 1878 and 1879 to analyse water related problems 
and possible solutions, admitted that the need for water in Apulia had reached the proportions of a “real and great social 
question”. Not only did he note the scarcity of water – so that in times of drought it even became necessary to transport it 
on special trains from Ofanto at huge cost – but also the terrible quality of water normally used for drinking, so that he 
admitted it was almost an unbelievable luck in the Bari area to have “a glass of water that does not contain[ed] a myriad of 
insects, which do not even require a lens or microscope to be seen swimming around” (A. Filonardi, Relazione al progetto 
di massima per condurre acque in provincia di Bari, Roma, 1881. [Report to draft guidelines for conveyance of water in the 
province of Bari, Rome, 1881], quoted in Viterbo (2010). 
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rapid improvement of sanitary conditions and the great increase in agricultural productivity started in the 
second half of the XX century would surely not have been possible had these operations not made vast 
amounts of water available (Del Monte et al., 1978; Masella, 1995) and in turn allowed for a partial replacement 
of traditional extensive crops with irrigated crops while extending irrigation practices to crops traditionally dry 
farmed (INEA, 2013). At the same time, the possibility to supply abundant water allowed the development of 
large industrial centers such as the chemical plant in Manfredonia, the petrochemical industrial area of Brindisi 
and the mixed (steel, petrochemical and concrete/cement) industrial settlement of Taranto5 (Masella, 1995).  
But while these changes in agricultural and industrial patterns were considered to be the means to kick-off 
growth and to free the region from a backward past, on the other hand they generated new and significant 
demand for water resources. In the agricultural sector, the estimated water consumption for irrigation is about 
873 Mm³ per year (INEA, 2009). These data are even more significant if compared to nearby regions, which 
have more abundance of water, as today Apulia has even a larger proportion of water-dependent crops on 
total crops compared to those regions6. Some studies are also beginning to question the sustainability of crop 
and irrigation patterns in the region by analyzing the relations among crops planted, irrigation technologies 
and the pedoclimatic and hydrological features of the region (INEA, 2009). As for the industrial sector, recent 
estimates reported a total requirement of 145 Mm³ per year of water for industrial use (AdBP, 2012). On this 
point it’s impressive to see that in the recent past ILVA Taranto alone had freshwater concessions as high as 
exceeding 100 Mm³ per year, although its actual consumption has then dropped to considerably lower levels 
in more recent years (Grassini, 2012). 
The impressive construction of water supply infrastructures was then paralleled, in the second half of the XX 
century, by the construction of wastewater infrastructures, including wastewater treatment plants, also thanks 
to special funding from the Cassa per il Mezzogiorno (Southern Development Fund). Water cycle management 
was split into two sectors (water and wastewater sectors) dealt with in a separate and linear matter to improve 
efficiency. Impressive water/wastewater works were constructed; however, these could never match the 
growing demand for connections induced by the rapid socio-economic development the region was witnessing. 
Lacks in the wastewater sector and pollution of water resources were also some of the reasons for the 
establishment of long-lasting extraordinary administrations in environmental matters towards the end of the 
XX century. 
Huge management problems also occurred in the water supply sector, in connection with the ageing and the 
extension of the system. Despite the use of advanced technologies to check leakages, the water works system 
today loses approximately 55% of the 563 Mm³ of water channeled into the network from various sources 
(AATO Puglia, 2009). This is coupled with problems of reduction in the capacity of the Sele-Calore springs and 
in the quantity of water supplied by reservoirs due to periods of low rainfall as well as to massive problems of 
depletion of ground water quality and quantity, including salinization of coastal aquifers, which required the 
adoption of drastic actions to reduce groundwater pumping in several areas. As a consequence, the Apulian 


5 The abundance of fresh water sources near Taranto, although at that time not yet available for industrial use, was one of 
the location factors highlighted in the technical reports that the Chamber of Commerce and the Municipality of Taranto used 
to support the candidature of this city for the allocation of the ex-ITALSIDER steel industrial plant (Dattomo, 2011). 
6 Apulia, which is part of the Distretto Idrografico dell’Appennino Meridionale (Southern Apennines Hydrographical District) 
together with Campania, Basilicata and Calabria and part of Molise (97%), Lazio (21%) and Abruzzo (15%), has a  total 
Utilized Agricultural Area (UAA) representing approximately 36% of the total UAA in the District, while as much as 48% of 
the irrigated area of the entire district falls within its boundaries (INEA, 2013). Moreover, Apulia hosts half of total water-
dependent crop production of the whole District (Distretto Idrografico dell’Appennino Meridionale, 2010). 
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Aqueduct seems to be continuously (but unsuccessfully) attempting to catch-up with unattended water and 
wastewater demands7. The irrigation sector is not without problems, as water users consortia are unable to 
provide enough water to farmers, who largely need to relate on alternative (and often illegal) groundwater 
pumping, with the final result of worsening the already alarming environmental situation of the water sector.  
The author of this paper maintains that the crisis in the availability of water resources in the Apulia region, the 
current unbalance between demand and supply and the constant need for additional resources, as well as the 
increasingly compromised quality and quantity of water resources, are not just technical problems. Large 
infrastructural changes occurred in the water sector in the XX century were somehow the result of (and at the 
same time one of the determinants of) a deep cultural change, which encompassed the understanding of 
technology itself and the relationship between man and nature8. Starting in the XIX century and even more in 
the course of the XX century, technology has been increasingly conceived of as a means to overcome natural 
constraints and to undertake development patterns traditionally considered impossible to be pursued because 
of restraints in local assets and endowments. While technological change was seen as a sign of freedom, it 
indeed condemned people to more subtle chains, as people became more and more dependent on natural 
and cognitive exogenous resources and unable to exit the mainstream pattern of development undertaken. 
The development approach based on the linearization of cycles and on sectoral specialization has furthermore 
condemned people to an ever-increasing water demand, which is constantly being unmatched, thus to a fate 
of water scarcity, which is somehow self-strengthened and self-reinforced.  
In this sense technology, conceived of as a means to provide men with a never-ending ability to achieve their 
aims (Severino, 1988), acted as a powerful shielding mechanism in the fundamental relationship between men 
and nature (Bevilacqua, 1996). It embodied the dream of Prometheus to free men from the constraints of 
nature by gifting them the fire stolen from Gods in order to pursue and to build their own ideas outside the 
constraints imposed by a transcendent deity9. But man's continuous attempts to alter the structure of nature 
to suit himself led “man so far from his origins as to make obsolete the legacy of the customs in which he had 
grown up and in which he had thought when Nature was his limit […]. This transformation not only affected 
things, but the relationship that humanity has always acknowledged as impotence in its designs with respect 
to the insurmountability of the limits.” (Galimberti, 1999). After decades of promethean attempts to overcome 
natural limits, we thus find ourselves abruptly awakened from the positivist dream of risk-free unlimited 
progress and confronted with the huge environmental problems produced by our actions and with the 
catastrophic scale of the reckless misuse of our technologies, as shown in the imaginary dialogue between 
Prometheus and the Eagle made by Bevilacqua (2005). 


7 In the preface of the new edition of Viterbo's work on Apulia and its aqueduct, Scagliarini states “Today Apulia no longer 
suffers from thirst, but it is still looking for the security that its territory, poor in natural sources, cannot provide; it is enough 
just to think of the alarm caused by the decrease in water levels of reservoirs, which today guarantee more than 60% of 
drinking water for Apulia” (Scagliarini, 2010). 
8 Engineers who pioneered the construction of the Apulian Aqueduct like Camillo Rosalba had graduated from the oldest 
School of Engineering in Italy (the Scuola di Applicazione di Ponti e Strade of the University of Naples), which used to train 
students to use technology to challenge nature. Thanks to frequent trips abroad and to the excellent school library, engineers 
were trained on the most important scientific discoveries and technological innovations of that time, so that first Neapolitan 
engineers could quickly achieve authentic primacies during since the XIX century, from the construction of the first 
steamboat (1818) to the iron bridges over the Garigliano and the Calore river based on the catenary principles (1832-35), 
to the Naples-Portici-Castellammare railway line (1839) (Russo, 2010). For a more detailed historical discussion on these 
matters see also Grassini, 2012 
9 The ancient myth of Prometheus, who, contrary to the will of Zeus, gifted humans with the use of fire, has since ancient 
times been the metaphor of the dream of men to pursue their own ideas and master nature without being fettered by the 
constraints imposed by a transcendent deity (Aeschylus, 1995). 
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How to take up the challenge to develop a sustainable pattern of natural resources management? This is not 
only a technical matter. It requires a deep cultural and knowledge change as it needs thinking in a different 
way to recover a more holistic and multi-sectoral approach to water management and planning. 
3 LEARNING FROM THE PAST: MULTI-FUNCTIONAL DIMENSIONS OF WATERSCAPES 
IN APULIA 
Water resources are key features of the landscape in its tangible and intangible aspects. They are part of the 
natural endowments of a territory; at the same time they are part of the culture of the place and have deep 
influences on traditional technologies built for their use and socio-economic practices adopted in each territorial 
context. This is shown in several traditional landscapes of Apulia. 
In the Alta Murgia, water is quite abundant in rainfall but there are no surface streams due to the outcropping 
karstic features of the soil. This steppic plateau has thus traditionally hosted extensive crop-cultivations and 
livestock. Large farmhouses and rural cisterns to harvest water are typical of this landscape. Rural cistern to 
harvest water for livestock, the so called cisternoni rurali, are quite widespread. They are semi-underground 
storage tanks, with walls typically coated with tufa, which collected water through sub-soil micro-filtration and 
natural condensation due to temperature differences (Laureano, 2001). Underground tanks for domestic use 
are also quite diffuse on the Alta Murgia within the premises of large farmhouses (Masserie), which constitute 
the most typical rural architecture of the area with their large cultivated lands for cereal-crops and livestock. 
There are also the so-called neviere, i.e. small buildings with a square or rectangular base, dug to a depth of 
5-6 metres in the ground, roofed with a barrel vault and with access to one of the two sides at ground level. 
These structures used to collect and accumulate snow during winter so as to augment water resources during 
summer through melted snow. These water harvesting technologies were all in one with the rural landscape 
of Alta Murgia and its traditional extensive crop-cultivations and livestock. The large substitution of traditional 
cultivations with more intensive water-fed ones and the abandonment of most masserie put these landscapes 
– as well as the above mentioned water technologies – at high risks of destruction.   
Rural cisterns can also be found in several other areas of the Apulia region. Interesting is the way they are 
part and parcel of the unique landscape of the terraced gardens in the peri-urban area of Ostuni, where they 
used to gather water through small cannels made of terracotta or carved out of the rocks and make it available 
for the irrigation of the gardens where horticultural crops were traditionally grown since the Medieval times. 
Small dry stone walls on the slopes served at the same time to retain the humidity and to protect soil from 
erosion. Since the 1970s, the availability of flat lands in the surrounding, with easier access to mechanization 
techniques for crop cultivation and plenty of water supply from dug wells or other sources, made terraced 
gardens be mostly abandoned or even encroached with illegal dump sites, excavations and buildings.  
Other interesting traditional waterscapes of Apulia are wetlands, although they are almost at risk of extinction 
as it happens in several other regions. While the extensive land reclamation and channelling efforts carried 
out in the XIX and XX century in Apulia demonstrate an exclusive understanding of these areas as unproductive 
and problematic areas, they actually represent high value ecosystems as they often support high 
concentrations of animals and serve as nurseries for many of these species, furthermore providing a wide 
range of ecosystem services to humankind, including water filtration, flood control and recreation, as stated 
in the Ramsar Convention. Yet, in Apulia wetlands constitute only residual landscapes today. Very few wetlands 
remain of traditional meanders of water streams in Capitanata, with severe consequences on the richness of 
habitats and landscape quality of riversides.   
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These are just few examples of traditional waterscapes in Apulia, which show a multi-functional and multi-
sectoral understating of the relationship between water technologies and landscape. How to reverse the fate 
of abandonment or extinction to which these landscapes seem to be deemed to? This is indeed not an easy 
task as we have seen how transformations of landscapes in the XX century were the results of deep cultural 
changes besides socio-economic and technical transitions. The extremely intense period of modernization, 
which was experienced by Apulia especially after the second world war, brought with it not only mammoth 
rural development, rapid urbanization, growth of large industrial poles, massive tourism and overexploitation 
of natural resources. It also led to a deep process of abandonment of a wealth of local knowledge, experiences 
and skills, in favor of standardization and homogenization of pre-existing material and immaterial culture 
(Barbanente, 2011). To recover seemingly lost cultural roots and to make them flourish again and grow in 
innovative ways is not an easy task as it requires time and multifaceted efforts on different levels, both material 
and immaterial. The examples shown in the next section try to take up this challenge.    
4 MULTI-SECTORAL AND MULTI-FUNCTIONAL APPROACHES TO WATER AND 
LANDSCAPE ANALYSIS AND PLANNING 
In the last decade, several pilot experiments as well as scaling-up and demonstration efforts have been taking 
place in Apulia with the aim to recover and innovate local knowledge and skills.  
The rehabilitation project of the terraced gardens in Ostuni is among the pilot experiments carried out at the 
local level for this scope. The idea to recover these gardens mushroomed from the local community, which 
proposed the idea to the municipality since the Nineties. But it was only thanks to a farsighted attention to 
the revival of traditional landscapes, which informed the regional administration in more recent years, that the 
municipality of Ostuni could obtain funds to refine the project and implement it under the umbrella of urban 
regeneration activities10. This project, which brought to a physical rehabilitation of dry stone walls, cisterns 
and terraced gardens – which are now being assigned to local associations for their communal use – is being 
taken further through a project proposal recently submitted for additional funding11 to connect the town of 
Ostuni to the monumental olive trees plain through the terraced gardens while supporting the creation of a 
lively peri-urban community working on horticulture and more traditional activities.  
Few other projects are now ongoing for the rehabilitation of rural cisterns in several areas of the region. 
Special funds have been devoted to this purpose by the regional government, in the attempt to combine 
support for traditional rural water harvesting techniques with the aim to preserve landscape quality and 
traditional productive vocations of rural areas12. 
Still at the local level, interesting to note is the artificial creation of some wetlands, among which the largest 
and the most famous in the region is in Melendugno. In this area, a phytopurification plant has been recently 
constructed to receive wastewater from the treatment plant of three nearby towns for a total of 41,000 
equivalent inhabitants in the summer season. The choice to build the phytopurification plant shows a multi-


10 For this purpose, the Municipality of Ostuni obtained funding from the Regional Operational Program 2013-2020 (Axis VII, 
Measure 7.1). 
11 This project has been submitted to a call for project made by the regional government with funding from the Regional 
Operational Programme 2014-2020 (Axis VI – Environmental Protection and promotion of natural and cultural resources). 
12 On this point fundings are worthwhile to be mentioned, which are provided by the Regional Rural Development Plan 2014-
2020 (Misura 4.4) for the rehabilitation of drystone buildings for the collection of rainwater (specifically mentioning rural 
cisterns and neviere) and for the rehabilitation of drystone walls for biodiversity strengthening and hydraulic risk mitigation. 
(QYLURPHQWDODQGWHUULWRULDOPRGHOOLQJ
IRUSODQQLQJDQGGHVLJQ
,6%1
'2,
)HGRD3UHVV
L.Grassini
238



functional and multi-sectoral approach to water management. On one side, it gives a solution to the 
wastewater treatment problems of the area, where the effluent of the existing treatment plant were previously 
discharged on the soil with frequent malfunctioning of the final draining system, mainly due to seasonal 
variations in the quantity of treated wastewater. On the other side, it strengthens the biodiversity and the 
ecosystem quality of the area as it creates a priority habitat according to the Habitat Directive (Mediterranean 
temporary ponds) in between a Mediterranean scrubland and a wooded-pine area. As such it enriches the 
biodiversity of the area and acts as a nursery for many animal species, including migratory bird population, 
furthermore ensuring a variety of additional ecosystem services including bioclimatic thermoregulation, 
groundwater recharge, and recreation activities for local communities. The resulting landscape is thus artificial 
but it is not the consequence of the simplification of landscapes produced by the linear/sectoral approach of 
the past; instead, it is the result of a paradigm shift towards a multi-dimensional and multi-sectoral approach 
to landscape management. 
The territorial-landscape plan of the Apulia region, recently approved in 2015, constitutes the most 
comprehensive effort made in the region to support and scale-up a multi-dimensional and multi-sectoral 
approach to landscape management. This plan is the first regional plan approved in Italy, which embodies and 
gives actual implementation to the new approach to landscape valorisation required by the European 
Landscape Convention (Council of Europe, 2000) and by the new Italian “Cultural Heritage and Landscape 
Code” (2004). These declarations and pieces of law require to extend landscape policies to the entire territory, 
encompassing both urban and rural areas, outstanding as well as everyday or degraded landscapes, thus 
abandoning the traditional focus on the protection of “natural beauties” to adopt a more holistic understanding 
of landscape (Albrechts et al., 2017). Landscape is considered to be the result of the interaction between local 
communities and the environment; as such it has tangible as well as intangible features as it is shaped by and 
contributes to shape values, perception, knowledge, culture, practices and behaviours through territorialisation 
processes (Magnaghi, 2000; Olwig, 2007). 
In particular, the territorial-landscape plan employs multifaceted tools for landscape valorisation, by combining 
a traditional regulatory approach, aiming at preserving those parts of the landscape protected by national laws 
or decrees and those considered to be worthwhile to be preserved by the regional government, with a strategic 
and policy design orientation. As such, it has been conceived of as a unique opportunity to change local culture 
and practices of territorial transformation in line with a collective effort to re-imagine the territory and to define 
new priorities for its strategic development, which are being promoted by the regional government since 2005 
(Albrechts et al., 2017). The strategic and policy design orientation of the plan is supported by a wide variety 
of tools, including five “regional territorial projects”13, a set of guidelines and a wide variety of “integrated 
experimental projects”, aiming at showing, through demonstration activities and pilot projects, the feasibility 
of the strategy of the plan and the potential for the actual implementation of its re-imaginative vision 
(Magnaghi, 2011). These try to grasp stories of innovative experiences, like experimentation niches, to show 
how new ways to protect and enhance territory-landscape values may be consistent with the normative and 
strategic vision of the plan. Special agreements between the regional government and local public and private 
actors were made in order to develop these projects, while the European Structural Funds and the Agricultural 
Fund for Rural Development have been used to finance their design and implementation. 


13 They are: the regional ecologic network, the city-countryside pact, the infrastructural soft mobility system, the integrated 
valorisation of coastal landscapes, the territorial systems for making cultural and landscape assets accessible. 
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One of these integrated experimental projects, which is particularly relevant to show an innovative multi-
functional and multi-sectoral approach to natural resources and landscape analysis and planning, is the 
feasibility study for the ecological corridor of the Cervaro river in the Capitanata area. This study was carried 
out to test the implementation potentials of one of the five regional territorial projects of the plan, namely the 
regional ecological network. In this study the use of phytopurification plants is widely suggested as secondary 
treatment systems to get at the same time an improvement of the water quality of the river, where treated 
wastewaters are discharged, and the improvement of the biodiversity and landscape quality of the river 
ecosystem through the creation of wetlands besides the river banks, where multiple meanders and wetlands 
used to exist before land reclamation and artificial channelling of water streams.  
Phytopurification plants as secondary treatment systems are also suggested in the feasibility study for the 
creation of the multi-functional valorisation park of “Torri e casali” (as part of the implementation of another 
regional territorial project, i.e. the city-countryside pact) in the northern part of the Metropolitan City of Bari. 
In this study, they are considered an interesting solution to combine improvement in ecosystem quality, 
reduction of pollution from wastewater discharge, increase in groundwater recharge through the discharge of 
their effluents in ephemeral karstic creeks (lame), which are abundant in this area. Several other interesting 
activities showing multi-functional and multi-sectoral approaches to water and rural development analysis and 
planning could be taken from the pilot implementation of the city-countryside pact, including funding of some 
projects for the rehabilitation of rural cisterns in the Alta Murgia area14.  
More comprehensive studies to promote multi-functional and multi-sectoral approaches to water management 
within the framework of the implementation of the city-countryside pact are then carried out by municipalities 
during the revision of urban plans in accordance with the new territorial-landscape plan. One such an example 
can be found in the new urban plan of the city of San Severo, where a wide range of solutions combining a 
multi-functional approach to water management and planning and rural development are suggested, including 
re-naturalization of rural areas through non productive crops and development of conservative agriculture in 
hydrological risk prone areas (Leone, 2017). 
5 CONCLUDING REMARKS 
This paper has highlighted the need to re-discover the complexity of the landscape in its multi-functionality 
and multi-dimensional features, and has tried to show how destructive tendencies in rural landscapes and 
natural resources use (above all water resources) may be reversed only through a more complex cultural and 
knowledge change leading to a different way to understand these resources. For this purpose, a more holistic 
and multi-sectoral approach to resource management and planning needs to be fostered. This includes the 
need to re-think of the relationship between urban and rural areas, between ecosystems and production, 
between man and nature.  
In this perspective, the examples shown in the paper seem to be promising. While they try to raise awareness 
of the immense value of the Apulian landscapes and to dig out from oblivion material and immaterial roots of 
local culture, they try to find new ways to harmonize that material and immaterial heritage with new economies 
and productive systems for a different route of local development. The new territorial-landscape plan tries to 
carry out this tasks by synergically orienting practices for the use and transformation of the territory, as well 


14 One such project was funded e.g. in the municipality of Terlizzi through the Regional Operational Program 2007-2013. 
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as local and regional public policies, towards landscape and resource safeguarding, valorization and 
enhancement (Barbanente, 2011). In so doing it tries to challenge socio-institutional awareness, priorities and 
cultural frames of a wide range of actors, namely local communities, public administrations, development 
agencies, firms and professionals involved in the local production of the territory. This work requires time to 
produce an impact, thus the years to come will be the time to assess the actual achievements obtained by 
these efforts.  
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ABSTRACT
There is wide evidence of the positive effects on health and well-being associated with exposure 
to natural environments. The beneﬁts are related to the perceived restoration from mental 
fatigue. The literature suggests that the restorativeness depends on the speciﬁc characteristics 
of the setting but also on a characteristic of the subject, called “Connection with Nature”. 
Better understanding these relations, could give important indications to planners, landscape 
managers and designers. Aim of the research is to investigate the characteristics of the natural 
rural landscape that inﬂuence its preference and perceived restorative quality. Four study areas, 
in Italy, have been selected, different for degree of protection and wilderness, distance from 
the nearest metropolitan area (Milan) and landscape characteristics. 435 subjects, approached 
on-site, accepted to participate and were administered a questionnaire with three scales: (1) 
the Perceived Restorativeness Scale-11 (PRS-11), with two additional items to assess familiarity 
and preference; (2) 16 physical and aesthetic attributes; (3) the Connectedness to Nature Scale 
(CNS). 
The data show that the user preference is for harmonious (congruence between its elements), 
varied and rich in natural elements landscapes, and that the preference is strongly and directly 
related with the familiarity with the place and its perceived restorative quality.
KEYWORDS
Health and Well-being; Natural Environment’s Perception; Preference and Perceived Restorative 
Quality
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1 INTRODUCTION  
There is wide evidence of the positive effects on health and well-being associated with exposure to natural 
environments (for a review see Berto, 2014). The benefits are related to the perceived restoration from 
mental fatigue, caused by all the situations that during the day call for voluntary directed attention. Mental 
fatigue implies the inhibition of voluntary attention and the increasing of not controlled distractions. The 
activation of mechanisms able to restore directed attention capacity is, therefore, fundamental. Direct 
contact with Nature mainly activates bottom-up involuntary attention so energy does not need to be directed 
towards suppressing such “distracting” stimuli (Berto et al., 2018). In the Attention Restoration Theory 
(ART) (Kaplan, 1995), this type of involuntary effortless attention is indicated as “fascination” and the 
capacity to generate fascination is the most important characteristic of a restorative environment.  
The literature suggests that the restorativeness depends on the specific characteristics of the environment 
but also on a characteristic of the human being, called “Connection with Nature” (Tang et al., 2015). In fact, 
some studies have shown that many people do not seem to perceive the restorative qualities of nature and, 
thus, do not generate a preference for such environments (Hartig et al., 2007). 
The characteristics of the environment influencing preference can be used as true predictors of it (Coeterier, 
1996; Ingegnoli et al., 2016; Purcell & Lamb, 1998; Sevenant & Antrop, 2009; Tveit et al., 2006; Wherrett, 
2000; Zyngier et al., 2014;). Better understanding of how people become aware of the positive benefits 
associated with exposure to natural environments and of the related environmental factors is very useful for 
planning, design and management of natural landscapes where the main function is tourism-recreation. 
The objective of the present study is to verify the key factors of the preference of natural environments and 
to understand the relationships that exist with the perceived restorativeness and the connection with nature. 
2 METHOD AND STUDY AREAS 
2.1 METHOD 
As people may react differently when they are in a natural environment compared with when simply observe 
images of that environment (Millar & Millar, 1996), we decided to administer a questionnaire to our subjects 
during their visit to a natural area. The questionnaire includes the following scales/items: 
î age, gender, education, profession and residential location; 
î frequency, duration, motivation and “With whom” of the visit; 
î a list of 16 physical and aesthetic attributes to assess the setting; 
î the Perceived Restorativeness Scale-11 (PRS-11) to assess the setting perceived restorativeness; 
î two additional items to assess “familiarity” and “preference”; 
î the Connectedness to Nature Scale to assess subject’s sense of connection to Nature. 
The definition of the list of physical and aesthetic attributes to assess the setting has been based on the 
available literature on the landscape perception (Gruehn & Roth, 2010; .DPLþDLW\Wŏ 	 -DQXãDLWLV 
Sevenant & Antrop, 2009; Tang et al., 2015; Zhang et al., 2013). 
We decided to use, first of all, the sensorial and semiotic aesthetic attributes defined by Nasar (1994) that 
can be effectively used also for natural landscapes (Hidalgo et al., 2006). These attributes are described by 
11 items: 1) Vegetation, 2) Visual diversity/richness, 3) Harmony/congruence among different elements, 4) 
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Openness and/or spaciousness, 5) Luminosity, 6) Historic or representative place, 7) Cleanliness, 8) 
Maintenance/upkeep, 9) Place for leisure activities, 10) Meeting place, 11) Novel place. 
To these, we added other five items: 12) Accessible, 13) Safe, 14) Quiet and silent, 15) Crowded and 16) 
Artificial. All the 16 attributes are rated on a 1 to 5-point scale, where 0 = not at all, and 5 = a lot. 
The PRS measures an individual’s perception of the restorativeness of an environment (Hartig et al., 1997) 
and is based on the Attention Restoration Theory (Kaplan, 1995). According to ART, what makes an 
environment “restorative” is the limited need for directed attention (that requires effort) and Nature’s 
capacity to entice involuntary attention (that doesn’t require effort) (Berto et al., 2018). 
In the present study, we decided to utilize the PRS-11 version (Pasini et al., 2014), with 11 items divided in 
four restorative factors: 
î being-away; a restorative environment provokes a sense of being-away, due to both the change of 
landscape compared to everyday life and a detachment from commitments and concerns; 
î fascination; it is the main component of the regenerative experience. This "involuntary attention" is due 
to particular landscape components that stimulate curiosity and sensations; 
î coherence; it refers to a physically and conceptually ordered environment that fosters its exploration 
and understanding. The environment is perceived as one with a wider organizational structure; 
î scope; it refers to spatial and temporal characteristics of the environment in relation to accessibility, 
absence of restriction to the movements and the possibility of spending time there. 
We added 2 other items to the PRS-11 to investigate familiarity (“this place is familiar to me”) and 
preference (“I like this place”). All these 13 items are rated on a 0 to 10-point scale, where 0 = not at all, 6= 
rather much, and 10 = completely. The Connectedness to Nature Scale (CNS) (Mayer at al., 2004) measures 
the extent to which people feel a part of the natural world. It is a positive personality characteristic that 
improves cognitive capacity, emotional well-being, positive mood, and happiness. People who have greater 
experiences of the natural environment may express greater affective connection to it than those with less 
experience Berto et al., 2018). The scale is made up of 14 items and judgments are made on a 1 to 4-point 
scale, where 1 = never and 4 = always. 
A total of 524 subjects older than 18 years of age were approached on-site; of those, 435 (83%) accepted 
to participate in the research study: 239 males and 196 females, aged 18-85 years (M = 44.17 years, SD = 
16.96). The participants were chosen using a convenience sampling procedure. 
The same procedure was used for each setting. The on-site administration was conducted during a six-week 
period from early August to mid-September 2015, on weekdays and weekends and under the same sunny 
weather condition. Times of day and day of the week were counterbalanced in order not to under or over 
represent certain types of visitors. Participants were first given a general overview of the study, then they 
were asked to answer the questionnaire, for approximately 10–15 min. There was only one researcher 
administering the survey and he remained available during and after the completion of the questionnaire for 
any additional questions. 
Participants’ inform consent was obtained and confidentiality was guaranteed. 
2.2 STUDY AREAS  
The questionnaire has been administered in four study areas (Fig. 1) in Italy (three protected natural areas 
and an urban park), different for degree of protection and wilderness, distance from the nearest 
metropolitan area (Milan) and landscape characteristics (Fig. 2). 
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Fig. 1 Map of the four study areas 
 
The three Italian protected natural areas are: Valle del Ticino (a Biosphere Reserve), Val Grande (a National 
Park) and Alpe Veglia – Alpe Devero (a Natural Park). These parks were selected from a previous research 
study conducted on 1390 subjects aimed to compare Italian, Austrian and Polish protected areas (Jiricka-
Pürrer et al., 2017). Regarding the Italian parks, the study showed that they differed significantly on several 
items measuring physical-aesthetic appearance. On this basis, we thought plausible to use these settings in 
our research study. A forth setting was added: Trenno (a peri-urban park in Milano), that can be considered 
as a sort of control condition, because it is not characterized by high naturalness. 
3 RESULTS 
3.1 CHARECTERIZATION OF THE RESPONDENTS 
The characterization of the respondents shows a certain variability in the different parks, with some 
important differences. Trenno has more than 35% of the respondents over 65 years and Devero less than 
5% (with an average of almost 15%) (Fig. 3). This clearly demonstrate the different typology of these parks 
and of the people frequenting them. Trenno is a peri-urban park easily accessible (more than 90% of the 
respondents live in a 10 km radius; see Fig. 4), whilst Devero is far from the city (more than 50% of the 
respondents live over 100 km; see Fig. 4). The number of people over 65 decreases with the increase of the 
distance from home. The duration of the visits increases and the frequency of the visits decreases with the 
distance from home (Fig. 4), indicating that people that go far from home try to maximizing the time. 
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Natural Park of Veglia and Devero Alps. It is a Regional Protected Area of 8500 ha, with a typical 
alpine landscape (meadows and pastures, ponds and streams, small traditional rural villages). It is 160 km 
far from Milan (2h20’ by car). 
 
   
Val Grande National park. It is a National Protected Area of 14600 ha, characterized by a great 
wilderness with very different landscapes due to the great morphological and altimetric differences (over 
2200 m): narrow torrential valleys covered by dense forests of broadleaf with at higher altitudes alpine 
meadows and rocky walls. It is 110 km far from Milan (1h50’ by car). 
 
   
Ticino Valley Regional Natural Park. It is a Regional Protected Area of 91800 ha, with a landscape 
characterized by lowland forests, agricultural areas and by the presence of the Ticino river. Very accessible 
park, with numerous urban areas included in the protected area boundaries. It is 50 km far from Milan (1h 
by car) 
 
   
Trenno Park. It is a peri-urban green area of 59 ha in the north surroundings of Milan, with a fairly 
homogeneous and typical agricultural landscape characterized by long boulevards of Lombardy Poplars 
(Populus nigra 'Italica') that divide large lawns used for various sports activities. It is a highly accessible 
green area, 10 km far from Milan (20’ by car). 
Fig. 2 Description of the four study areas 
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18-24 25-34 35-44 45-54 55-64 >65
Devero 16,7 23,0 16,7 20,4 20,4 2,8
Val Grande 17,6 14,8 16,7 26,8 26,7 7,4
Ticino 20,2 23,7 11,4 20,2 14,9 9,6
Trenno 11,4 13,4 20,0 5,7 11,4 38,1
Average 16,5 18,9 16,1 18,4 15,9 14,2
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Fig. 3  Age of the respondents 
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Fig. 4 Some characteristics of the respondents 
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3.2 PHYSICAL AND AESTHETIC ATTRIBUTES OF THE STUDY AREAS 
The variability of the 16 physical and aesthetic attributes in the four parks is evident (Fig. 5). Nevertheless, 
for 8 of the 16 attributes Devero and Valgrande present a rating greater than the average. Moreover, it 
emerges that Ticino has a very low rating for cleanliness and maintenance and Devero is perceived crowded 
as Trenno. 
There is a clear division between attributes inherent to the physical characteristics of the landscape, where 
Devero is almost always the highest, and "social" attributes, where the major averages are for Trenno. 
There is also a tendency towards the formation of two groups: the two mountain areas (Devero and Val 
Grande) often obtain similar results; the same happens to the two plain areas (Ticino and Trenno) which, 
despite extremely different characteristics, often have very close average scores. 
To better understand these results, the 16 physical-aesthetic attributes were grouped into 5 factors, through 
a Principal Components Analysis (PCA) made with the IBM SPSS Statistics software: 
î quiet place, well maintained and managed (attributes: [7] Cleanliness, [8] Maintenance, [13] Safe, and 
[14] Quiet and silent); 
î harmonious place, varied and rich in natural elements (attributes: [1] Vegetation, [2] Visual diversity, 
[3] Harmony/congruence, [6] Representative place, and [11] Novel place); 
î open and bright place (attributes: [4] Openness and [5] Luminosity); 
î place that facilitates relaxation and sociality (attributes: [9] Place for leisure activities, [10] Meeting 
place, and [12] Accessible); 
î crowded and artificial place (attributes: [15] Crowded and [16] Artificial). 
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Fig. 5 Ratings of the 16 physical and aesthetic attributes 
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Fig. 6  Ratings of the 5 factors related to physical and aesthetic attributes 
3.3 FAMILIARITY, PREFERENCE, PRS AND CNS 
Regarding the familiarity, the high score of Trenno (8.45) was expected, due to the fact that the majority of 
respondents come from very close. On the other hand, the Ticino score (6.89) is much lower than Devero, 
although respondents know better the area (only 9.65% of the Ticino respondents were the first time they 
visited the area, compared to 30.56% of Devero). 
Regarding the preference, the average scores for Devero (9.08) and Val Grande (8.94) are very high. A little 
surprisingly, the third best score is that of Trenno (8.02) which exceeds, even quite clearly, Ticino (7.65), 
although the latter is much less artificial and much more varied and rich in vegetation. 
The average PRS scores follow the order of the preference: the two mountain areas show significantly more 
positive scores (Devero: 7.83, Val Grande: 7.44) compared to Trenno (6.37) and Ticino (6.24). The situation 
is very similar for regenerative factors (“Being-away” and “Fascination”), while the trend is different for the 
"Coherence" factor. Devero has a higher average score (7.27) followed by Trenno (6.68) with its extreme 
homogeneity and linearity. The Ticino average is very low (5.42): probably this is the factor that influences 
familiarity and preference. Finally, for the last "Scope" factor, linked to the possibility of exploring, to the 
variety and the curiosity that a landscape can generate, there are clear differences between the different 
areas (Fig. 7). The CNS, which should be an independent variable linked to the individual, is higher for 
landscapes with greater naturalness. The respondents in the two mountain areas show an average CNS 
value (1 to 4-point scale) above the overall average (3.29): Devero 3.41 and Val Grande 3.38. On the other 
side, respondents in Ticino and Trenno show a lower average value: Ticino 3.26 and Trenno 3.12. 
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Fig. 7 Ratings for Familiarity, Preference and PRS 
4 DISCUSSION 
The collected data were analyzed in order to verify the reciprocal influences, through one-way and two-way 
ANOVA and through Pearson's bivariate correlation. With regard to the characteristics of the respondents, no 
variable showed important correlations with the preference, except for the visit duration and the distance 
from home that showed significant correlations at the 0.01 level (respectively 0.321 and 0.211). CNS 
presents a significant correlation at the 0.01 level both with preference (0.204). and PRS (0.348). The 
relationship between CNS and PRS is however influenced by the type of landscape. In fact, it can be seen 
(Tab. 1) that in the least preferred area (Ticino) there is not even a significant correlation, while in the most 
preferred area (Devero) there is a significant correlation at the 0.01 level much higher than all the other 
areas (0,509). The connection with nature is the only individual characteristic that is able to significantly 
influence the PRS, particularly in environments with high landscape quality. Users who have a greater 
connection with nature can better perceive the restorative capacity of the landscape and consequently 
benefit from a better attention restoration and stress recovery.  
The physical-aesthetic attributes of the landscape play a significant role on the environmental preference. In 
the different study areas, they correlate differently because the type of use and the characteristics of the 
landscape vary (Tab. 2).  
The preference correlates significantly at the 0.01 level with all factors except the last (as was expected). 
The first two factors are those that correlate most with preference: it is the tranquility and good 
management of the area, its diversity and visual and vegetative richness, as well as harmony. Factor 2 has a 
particularly high correlation (0.551): it is the factor that best embodies the concept of naturalness reported 
in the literature as a great predictor of preference. These first two factors are certainly excellent predictors 
of the preference judgment. 
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Area  CNS Preference Familiarity 
Total 
(all respondents) 
PRS 0.348 ** 0.691 ** 0.340 ** 
CNS  0.204 ** 0.128 ** 
Preference   0.421 ** 
Devero PRS 0.501 ** 0.615 ** 0.532 ** 
CNS  0.232 * 0.243 ** 
Preference   0.531 ** 
Val Grande PRS 0.293 ** 0.625 ** 0.237 * 
CNS  0.192 * 0.218 ** 
Preference   0.296 ** 
Ticino PRS 0.173 0.727 ** 0.390 ** 
CNS  0.145 0.087 
Preference   0.581 ** 
Trenno (control) PRS 0.341 ** 0.575 ** 0.513 ** 
CNS  0.153 0.124 
Preference   0.537 ** 
** = correlation is significant at the 0.01 level (two-tailed) 
* = correlation is significant at the 0.05 level (two-tailed) 
Tab. 1 Pearson’s correlations between CNS, PRS, Preference, and Familiarity scores 
The direct influencing effect of familiarity on the preference of the landscape is clearly evident, with a 
significant correlation at the 0.01 level of 0,421. Familiarity is also correlated with the physical-aesthetic 
factors of the landscape (Tab. 2), even if not in a high way. All the physical-aesthetic factors of the 
landscape correlate significantly at the 0.01 level with Familiarity and, except for Factor 5 (Crowded and 
artificial place), with the PRS. There is a very high correlation (0.620) between PRS and Factor 2 
(Harmonious place, varied and rich in natural elements). 
 
Factors Preference Familiarity PRS CNS 
Factor 1 - Quiet place, well maintained and 
managed 0.353 ** 0.119 * 0.408 ** 0.085 
Factor 2 - Harmonious place, varied and rich in 
natural elements 0.551 ** 0.149 ** 0.620 ** 0.204 ** 
Factor 3 - Open and bright place 0.261 ** 0.190 ** 0.315 ** 0.113 * 
Factor 4 - Place that facilitates relaxation and 
sociality 0.142 ** 0.194 ** 0.235 ** 0.079 
Factor 5 - Crowded and artificial place -0.082 0.160 ** -0.003 0.014 
** = correlation is significant at the 0.01 level (two-tailed) 
* = correlation is significant at the 0.05 level (two-tailed) 
Tab. 2  Pearson’s correlations between Preference, Familiarity, PRS, CNF and the 5 factors related to physical and aesthetic attributes 
 
It is interesting to analyze not only the PRS, but also its factors to understand what makes a landscape more 
restorative and what mostly influences the preference (Tab. 3). Our study confirms a very strong correlation 
between PRS and preference (0.691). Observing the individual regenerative factors of the landscape, stands 
out the correlation between preference and fascination (0.722), confirming what emerges from the literature 
that indicates this factor as the most important. 
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 PRS-11 PRS 
Being-away 
PRS 
Fascination 
PRS 
Coherence 
PRS 
Scope 
Preference 0.691 ** 0.569 ** 0.722 ** 0.451 ** 0.478 ** 
** = correlation is significant at the 0.01 level (two-tailed) 
Tab. 3 Pearson’s correlations between Preference, PRS, and the 4 factors describing the perceived restorativeness 
5 CONCLUSION 
The present study confirmed that the preference is directly influenced by the individual connection with 
nature (Tang et al., 2015). We found a significant correlation between the two variables, even if not very 
high (0.204). 
In the present study, on the contrary, a significant correlation between preference and familiarity (0.421) 
emerged; this strong correlation compared to what emerged from the literature is probably due to the 
methodology used (on-site survey). Familiarity is well correlated with the PRS and, in particular, with its 
Coherence factor (0.352). In the study areas where the familiarity is greater, the correlation with the PRS 
becomes important, with values above 0.500. Just the influence of familiarity could explain the higher scores 
of both PRS and preference of Trenno respect to Ticino. 
The study confirms, then, the hypothesis that the areas with greater naturalness are the preferred ones and 
that they give a greater perceived restorativeness. The significant correlation between PRS and preference 
(0.691) is very high, confirming that the main restorative factor is fascination (its correlation with the 
preference is 0.722). 
The study also confirms that the connection with nature correlates significantly with PRS (0.348), and that in 
environments with greater naturalness the link between the two variables is even more intense (in Devero 
the correlation between CNS and PRS is 0.509, while in Ticino there is not even a significant correlation 
between the two variables). 
Regarding to the physical-aesthetic characteristics of the landscape, the highest significant correlation has 
been registered between the PRS and the Factor 2 "Harmonious place, varied and rich in natural elements" 
(0.620) and consequently with the relative landscape attributes (vegetation, visual diversity, 
harmony/congruence, representative place, and novel place). 
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ABSTRACT
Network models, implemented in Geographic information Systems, demonstrated to be very 
effective for analyzing landscape connectivity and supporting ecological network design and 
planning. The research aims to develop a framework to assess the ecological connectivity in 
cultivated and urbanized landscapes with particular consideration on the role of ecological 
network components. The study area, located in the plain area of Friuli Venezia Giulia (north-east 
of Italy) is characterized by different agriculture and urban intensities. Here a network modeling 
approach was developed to incorporate, in a GIS environment, natural and anthropogenic 
habitats, the barrier effect related to a set of species target (19 ﬂ ora and fauna species) and 
effective paths between patches. On this base, a set of graph based indices (Graphab 2.1) were 
applied. The contribute of species-speciﬁ c ecological network to the landscape connectivity 
(probability of connectivity index) was less in case of compact networks, characterized by a low 
number of smaller nodes and less extended corridors across the study area. Analysis of ﬂ ow 
probability of connectivity index allowed to identify a different contribute to connectivity for the 
different nodes integrating patch characteristics, relations with nearby patches and number 
of species supported. Larger patches gave a larger contribute to landscape connectivity while 
small and adjacent nodes were related with a minor contribute. The assessment framework and 
modelling approach proposed in the research could support local and regional authorities in 
the deﬁ nition of natural resource conservation strategies and improve the process of ecological 
landscape planning.
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